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The upper part of the bone-walled channel that contains the medulla 
is solid. The lower part, on the contrary, is formed by separate bones— 
the atlas and the axis—and their articulations. As a consequence of the 
anatomic conditions, the channel may be narrowed, especially by upward 
or backward positional changes of the odontoid process of the second 
cervical vertebra, which forms part of the frontal wall. Under normal 
circumstances, these changes in the position of the odontoid process 
occur only by movement of the atlanto-occipital articulation. This move- 
ment, however, is extremely slight, as shown by the investigations of 
Virchow.' The movement is restricted by the resistance of the strong, 
tense ligaments around the articulations. Together with the special 
ligaments of the odontoid process itself, they assure the normal fixation 
of the odontoid process. 

There are many pathologic changes that may alter the relation 
between the odontoid process and the medulla. This communication will 
deal only with changes in the bone wall of the channel, principally with 
the bones themselves and their articulations, although the latter are of 
less importance. These pathologic changes may be: total or partial 
destruction of the bones or interruption of their continuity. The occipi- 
tal bone that forms the base of the skull, the atlas and the axis may be 
altered separately. But several members of this triad may undergo 
pathologic changes at the same time, and the articulations frequently 
participate in the process. 


REVIEW OF THE LITERATURE 


In the literature of pathology, there are relatively few contributions 
to the knowledge of pathologic changes of the upper vertebral column 
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causing compression of the medulla. A review of these actual or possi- 
ble changes, on the basis of general pathology, is therefore appropriate. 

Acute Suppurative Osteomyelitis—Acute suppurative osteomyelitis 
is limited in three fourths of all cases to a single vertebra. It is, as a 
rule, of metastatic origin and usually occurs in the second decade of life. 
It usually attacks the lumbar vertebrae and rarely those of the thoracic 
portion of the spine. In the case described by Donati,’ it was localized 
in the second and third dorsal vertebrae, with symptoms of compression 
(peripachymeningitis). These symptoms ceased after operation, and 
the patient was cured. Simon’s* case ended fatally in a few weeeks, 
owing to compressive myelitis caused by extensive suppurative spondyli- 
tis. For some years the patient had chronic coxitis and spondylitis. 
In spite of this, Simon,’ failing to detect any signs of tuberculosis, 
presumed that a cryptogenic septic infection had followed a fall that 
the patient had received. Recently, Berkheiser and Seidler‘ reported 
cases of acute arthritis of the atlas in children. In one case a roent- 
genogram showed a “strong forward displacement of the atlas—odontoid 
process near the posterior arch. . . . Nevertheless, no signs of 
compression were mentioned. 

Of the inflammatory changes to be considered in this connection, the 

chronic inflammations are the more important. While tuberculosis is 
the most common of the chronic diseases of the vertebrae, other chronic 
inflammatory processes have been described. 
- Buka © reported a case of chronic suppurative panosteitis of the atlas, 
axis and third cervical vertebra caused by a staphylococcus. Purulent 
meningitis caused death. In Meier’s® case, an extreme blocking of the 
foramen occipitale magnum was produced by luxation of the atlas caused 
by chronic arthritis deformans (polyarthritis chronica deformans). 

Tuberculosis —Tuberculosis localizes most commonly in the lumbar 
column or in the lowest part of the dorsal column. It causes also caries 
of the cervical vertebrae. In a case of tuberculosis of the atlas, in 
which I performed the autopsy, the posterior arch and the lateral masses 
of the atlas were destroyed, and the injury involved all the joints of the 
atlas and axis. The atlas showed forward luxation, and the odontoid 
process had fallen backward and caused a sudden fatal compression of 
the medulla. Vertebral tuberculosis usually starts in the cartilages 
between two vertebrae. According to Brenner,’ it is not uncommon in 
adults. Subsequent progression of the process in old, apparently healed, 
sclerotic lesions may make the anatomic diagnosis difficult at times. In 


Donati, M.: Arch. f. klin. Chir. 79:1116, 1906. 
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Buka, A. J.: Am. J. Surg. 8:1280, 1930. 
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such a case, the differential diagnosis will be supported by the finding 
of tuberculous lesions in other organs, especially in the lungs, which are 
almost always affected in cases of vertebral tuberculosis. The pulmonary 
lesions may be old or of the same age as the vertebral lesions. On 
account of the clinical appearance and gross pathology, Stockert * 
regarded his interesting case of perforating tuberculosis of the base of 
the skull as one of malignant tumor. Histologic studies showed that 
the disease was tuberculosis. Clinically concealed tuberculosis often 
gives rise to spontaneous fracture. 

Syphilis—Syphilis seldom affects the vertebrae. Jasinski,’ review- 
ing the literature, listed the following cases of this disease: (1) peri- 
spondylitis syphilitica of the cervical column, (2) osteitis gummosa of 
the first four vertebrae of the neck, (3) vertebral caries with gummas 
of the muscles, (4) infiltration around a kyphosis, gumma of the frontal 
bone and keratitis parenchymatosa and (5) caries gummosa of the clavicle 
and of the fifth and sixth cervical vertebrae. His diagnosis was sup- 
ported by the efficacy of specific treatment. In the case of syphilitic 
caries of the second and third cervical vertebrae described by Zisché,’° 
the bodies of these vertebrae were pushed out spontaneously through an 
ulcer of the posterior wall of the pharynx. 


Actinomycosis.—The vertebrae of the neck are rarely injured by 
actinomycosis, although this disease, starting in the mouth, not infre- 
quently occurs in this part of the body. Martens “ described erosion 
and suppurative infiltration of one dorsal vertebra in a case of actino- 
mycosis. This disease, arising probably in the lung, caused a chronic 
pleurisy with abscesses that broke through under the skin of the back. 


Echinococcus.—Echinococcus may destroy parts of vertebrae. In 
the numerous cases of hydatid cysts of the vertebral column which have 
been recorded, the compressive myelitis was caused more often by the 
cysts themselves than by displacement of parts of the bones. These 
cysts occur most often in the lumbar or in the dorsal parts of the spinal 
column. The cysts are usually extradural and rarely develop within the 
substance of the medulla. In Souques’ ?* case, the second lumbar verte- 
bra was partially destroyed. 

Trauma.—External trauma may cause fracture in the upper part of 
the cervical column, while luxation is usually inhibited by the resistance 
of the system of strong ligaments. It is noteworthy that compression 


8. Stockert, W.: Beitr. z. Klin. d. Tuberk. 5:507, 1906. 

9. Jasinski, R.: Arch. f. Dermat. u. Syph. 23:409, 1891. 

10. Zisché, H.: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 22:357, 1911. 

11. Martens: Arch. f. klin. Chir. 66:698, 1902. 

12. Souques, A.: Sitzungsb. d. anat. Gesellsch., Paris 10:27, 1893; Centralbl. 
f. allg. Path, u. path. Anat. 5:535, 1894. 
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of the medulla may be caused by the breaking off of the odontoid proc- 
ess as a result of some extraordinarily strong trauma. The case 
described by Dirck '* is of especial interest in this connection. It throws 
light on both the pathogenesis of the condition and the extent of the 
alteration of the capacity of the canal necessary to produce compression 
of the medulla. An 18 year old girl, who had suffered a fracture of the 
odontoid process seven years previously while tobogganing, fell while 
dancing. Paralysis occurred rapidly and ended fatally the next day. 
Necropsy disclosed the old fracture of the odontoid process with false 
joints between the anterior arch of the atlas and the broken end of the 
odontoid process. There was contusion of the medulla, but no luxation 
of the atlas. There was secondary degeneration in the anterior and 
lateral pyramidal tracts of the lumbar spinal cord. The odontoid proc- 
ess broke off at its base, which is genetically its weakest part, where the 
“dens,’”’ belonging essentially to the atlas, will be connected by bone to 
the body of the second vertebra only at a later stage of development. 
The “dens,” pushed backward, rose 7 mm. from the posterior edge of 
the ligamentum transversum into the vertebral channel. (Normally, 
according to Diirck,'® the “dens” with the ligamentum transversum has 
a total height of 3 mm.) Dirck '* considered this backward displace- 
ment a rare event. The broken odontoid process more frequently 
inclines forward, because the joint surface of the atlas tends to slide 
forward on the axis. In some cases, during life the odontoid process 
may become palpable through the posterior wall of the pharynx. In 
such conditions there is pain on swallowing. In later stages, the odontoid 
process may be thrown out, by suppuration, through the posterior 
pharyngeal wall.. According to Bayard,’* fracture of the body of the 
axis occurs much more rarely. 

Neoplasms.—Both malignant and benign growths may narrow the 
bone-walled channel containing the medulla. According to Makrycos- 
tas,’* hemangiomas developing within the vertebrae are not infrequent. 
These may so weaken the bone that traumatic or spontaneous fractures 
are easily produced. Tumors arising in the soft parts of the medulla 
itself will not be considered in this discussion. 


AUTHOR'S CASE 
An unusual case of assimilation of the atlas with compression of the 
medulla came under my observation in 1930. Its essential features were 
as follows: 


13. Diirck, H.: Beitr. z. path. Anat. u. z. allg. Path. 84:353, 1930. 
14. Bayard, quoted by Diirck (footnote 13). 
15. Makrycostas, K.: Virchows Arch. f. path. Anat. 265:259, 1927. 
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History.—An assistant janitor, 33 years old, had been married six years and 
had one healthy child. During the war he was in the military service. After the 
war he was engaged in selling vegetables and eggs, bringing his supply in small 
quantities to Budapest. His two brothers are living and well. In 1927, during an 
attack of pleurisy, he had a thoracentesis. Until the onset of the symptoms of the 
condition to be described his wife had not noticed that he held his neck abnormally 
or crookedly. In 1928, his employer noticed that the’ patient did not turn his head 
toward a person who addressed him, but changed the position of his body by move- 
ments of his feet. During two years he complained of neck ache when lifting 
anything and often had severe headaches. Two weeks before his death, he held 
his head inclined to the right and could not turn his neck without difficulty. 
During these weeks he vomited frequently, and when attempting to move his head 
he felt pain in the suboccipital region. His gait became staggering like that of a 
drunkard, although he did not drink any alcoholic liquors. 

On March 21, 1930, he was sent into the hospital by a physician, with a diag- 
nosis of tuberculosis. At this time he complained of pain in the right side of the 
chest, dizziness, frequent vomiting, stomach ache and loss of appetite. He did not 
have fever. 

On physical examination he was found to be well developed and fairly we'll 
nourished. The tongue and throat were clean, and the skin was free from any 
exanthem. The right side of the thorax was retracted. There was dulness on 
percussion, and there were diminished breath sounds over the back. On March 
26, 1930, he died suddenly, without any remarkable previous symptoms or special 
examination. The clinical diagnosis was tuberculosis. 

Autopsy.—The body was that of a well developed, fairly well nourished young 
man. There was extensive diffuse lividity of the dependent parts of the body. 
General rigor mortis was present. There were noted: a definite retraction of the 
anterior and upper part of the right side of the thorax, a somewhat tight cerebral 
dura and a somewhat increased amount of clear fluid between the pia and the 
arachnoidea. After the tentorium cerebelli was cut through and frontal lobes were 
drawn back, a plum-sized, transparent cyst appeared on each side of thé medulla. 
Slight impressions on the cerebellum corresponded to these cysts. When the brain 
was removed, the cysts collapsed, but when the base of the brain was compressed 
they filled up again. The anterior edge of the cysts reached the seventh and 
eighth nerves; the posterior edge, the first cervical nerve. The cavities of the 
cysts lay beneath the arachnoid. At the bottom of the cysts, behind the flocculus, 
the choroidal plexus of the fourth ventricle was found. These cysts communicated 
with the fourth ventricle and were nething more than large dilatations of the 
cysternae pontocerebellomedullares. On the anterior upper surface of the medulla, 
near the bridge, where the substance was definitely softer than the rest, there was 
a slight saddle-shaped impression, the size of a penny (fig. 1). The meninges 
around the chiasma were somewhat whitish. The fourth ventricle was enlarged, 

with considerable dilatation of the lateral recessus (fig. 2). A sagittal fissure 0.5 
cm. long was found corresponding to the calamus scriptorius. The ependyma of 
the lateral ventricles seemed to be thickened around the blood vessels. The 
impressiones digitatae of the skull were very deep, and as a result of this, the bones, 
especially the squamae temporales, were very thin in places. The diploe of these 
bones were greatly diminished, and the bones were translucent. Near the inferior 
margin of the clivus, the dura showed an elevation, the size of half a walnut 
(fig. 3), which seemed on first inspection quite obviously to narrow the foramen 
magnum, especially in the sagittal diameter. The mass producing the elevation 
was immovable and hard, but felt somewhat elastic. After the dura on the upper 
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Fig. 1.—Base of brain: P, site of compression of medulla; K and Ki, walls 
of arachnoidal cysts. 





Fig. 2.—Dilatation of fourth ventricle: S, dilatation of calamus scriptorius. 
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margin of the elevation was cut through, it was found that the mass was not 
solidly connected with the clivus, but reached its posterior margin. The protuber- 
ance, narrowing the foramen magnum and compressing the medulla, could be 
identified as the enlarged odontoid process of the axis. On first impression, the 
enlargement was thought to be a new growth. 

For the purpose of further 





Examination of Bones Around the Medulla. 
examination the base of the skull and the first four cervical vertebrae were 
prepared in the following manner: One saw-cut was made through the base of 
the skull in a vertical plane at the tops of the petrous bones. -An additional oblique 
cut on each side was made diagonally through the petrous bones from the external 
occipital protuberance. In this manner, the foramen magnum and the bones that 
form the upper part of the vertebral channel were preserved in a block. 





Fig. 3—Preparation “in block,” view from above: C, clivus; D, protuberance 
narrowing foramen magnum; M, spinal cord; H, horizontal cut through membrana 


tectoria. 


Before the deeper muscles of the neck or of the base of the skull were 
dissected, the whole specimen was hardened in 8 per cent formaldehyde. After 
fixation, roentgen pictures were taken. 

The roentgenogram of the sagittal projection showed the bodies of three 
vertebrae (fig. 4). A triangular shadow of the external occipital protuberance 
fell across the lower part of the odontoid process, leaving the upper part of the 
process unobscured. The most striking feature was a bone shadow everywhere 
above the axis, and the outlines of the atlas could not be differentiated. The 
right jugular foramen and the right hypoglossal canal were clearly shown. The 
left hypoglossal canal was less distinct. The basilar part of the skull and 
the inferior part of the sphenoidal cavity were sharply distinguishable. Around 
the top of the odontoid process there was a fairly sharply limited, less dense bone 
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shadow, measuring from 2 to 3 mm., which became narrow on the left side. On 
the left, near the top of the odontoid process, there was a divided channel 
measuring from 2 to 3 mm. in diameter. Another extraordinary finding was the 
obliquity of the spinal column. The axes of the basal part of the occipital bone 
and of the vertebrae crossed. The former definitely inclined to the right. The 
third pathologic alteration was shown in the roentgen picture of the lateral view 
(fig. 5). Corresponding with tte level of the supposed atlanto-epistrophic joint, 
the axis of the vertebrae bent forward, forming an obtuse angle of about 120 
degrees, opening forward. The roentgenogram made after the removal of the 





Fig. 4.—Roentgenogram, posterior view: S, sphenoid sinus; H, hypoglossal 
canal; JUG., right foramen jugulare ; D, odontoid process of axis. 


arches of the vertebrae and a part of the back of the skull, with the posterior 
margin of the foramen magnum, was more valuable for the study of the con- 
ditions here. This picture definitely indicated absence of the atlas. The axis 
seemed to be joined directly to the skull. The surfaces of the upper articulations 
of the axis were different: the left was concave, while the right was irregularly 
convex. The comparison with the roentgenogram of a normal specimen (fig. 6) 
showed the hypoglossal canal of the pathologic specimen sunk almost to the level 
of the top of the odontoid process, while in the normal specimen there was a 
difference of 15 mm. between these points.. The odontoid process was asymmetric. 
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Its right side, giving a more irregular and dense shadow than the normal, measured 
twice the length of the left side and inclined to the left. The process was a 
rounded cone shape, differing from the normal odontoid which narrows in the 


middle. 
The roentgenograms, therefore, indicated absence of the atlas, or more cor- 
rectly, of the atlanto-epistrophic articulation, and showed that the enlarged 


occipital bone was jointed directly to the axis. There were pathologic changes 


in this articulation. The roentgenograms showed, furthermore, that the vertebral 


column was inclined to the left—or, more correctly, that, with respect to the 








Fig. 5.—Roentgenogram, lateral view: E, axis; // and ///, cervical vertebrae ; 


O, squama occipitalis. 


vertebral column, the axis of the occipital bone was inclined to the right and 
forward. 

Before dissection of the specimen, movability of the articulation in question 
was tested. Forward and backward flexion could be made easily and more 
extensively than in the normal specimen. Rotation, however, was nearly impossible, 


being much less than in the normal. Only a minimal change in position could be 


obtained by applying force in a direction imitating a turning of the head to the left. 
soft parts were removed for study, without previous 


The muscles and 
any pathologic changes. The ligamentum 


maceration. They did not show 
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longitudinale anterius, corresponding with the atlas and axis, especially at the 
site of the capsule articulares, and the atlanto-occipital membranes seemed thicker 
than normal. They were easily removed. After their removal, the condition of 
the anterior surface of the preparation shown in figure 7 (right, normal specimen) 
was displayed. The occipital bone joined directly with the axis. The surface 
of this occipital bone was generally smooth, but on its lower side, parts of the 
atlas, such as the tuberculum anterius, and the two under-developed transverse 
processes could be recognized. The vertebral arteries were found in a normal 
position behind the latter. The divided channel, shown in the roentgenogram, 





Fig. 6.—Roentgenogram of normal preparation after the removal of arches of 
vertebrae and squama occipitalis, posterior view; D, odontoid process of axis; 
H, right hypoglossal canal; Jug., right jugular foramen. 


lay above and slightly to the left of the tuberculum anterius and contained small 
blood vessels and nerves. The hypoglossal nerves were seen above the origin 
of the small transverse processes. The right articular process of the os occipitale 
sprang forward as a roof, under which the upper right part of the axis was 
dragged (subluxation of the atlas!). Figure 8 showed that the axis of the three 
upper cervical vertebrae and that of the basilar part of the occipital bone in a 
line bisecting the sphenoid bone and passing through the tuberculum atlantis 
anterius crossed and formed an acute angle of from 10 to 15 degrees. In lateral 
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view, the axis of the vertebral column showed the deviation described. The 
vertex of the obtuse angle lay about at the base of the odontoid process. The 
spines of the first three vertebrae were to be seen to the right. The left arch of 
the axis covered the next arch behind like a roof. The left vertebral artery lay in 
the foramen transversarium of the axis. In posterior view (fig. 9; right, normal 
specimen), the posterior arch of the atlas was completely absent. Enlargement 
or thickening of the posterior margin of the foramen magnum could not be seen. 
The space between the occipital bone and the vertebra (spatium epistropheo- 
occipitale posterius) seemed to be narrower than that of the normal specimen 
(14 mm.). A motion corresponding to anterior flexion of the head greatly 
enlarged this space. The posterior arch of the axis projected backward 0.5 cm. 
over the posterior margin of the foramen magnum. The arch and spine of the 
axis were pushed to the left, and the left arch was thicker than the right. The 
cut end of the right artery lay in the foramen transversarium. After the removal 





Fig. 7—Anterior view of pathologic specimen (right, normal specimen) : Perio- 
steum almost removed; J, tuberculum atlantis anterius; 2, rudimentary transverse 
process of atlas; X/J/, hypoglossal nerves; i, unevenness of joint surface; A, 
atlas; E, axis, J/-J/I-IV, cervical vertebrae; occipito-axial joints opened; S, 


sphenoid sinus. 


of small pieces of tissue from the posterior surface of the odontoid process and 
from a space on the right side showing ballottement, the cavities of the articu- 
lations were found. The roof of the latter articulation was represented by a layer 
of fibrous connective tissue, from 2 to 3 mm. thick, which contained a small 
amount of bone. On the lower, cartilage-covered surface of the odontoid process 
a small cavity of resorption was seen. In the view from above (fig. 10; right, 
normal specimen) after the arches of the vertebrae have been replaced, the clivus 
seemed to be flatter and wider than usual. The odontoid process completely filled 
the anterior dilatation of the foramen magnum. Its highest point, represented by 
structures supposed to be the ligamenta cruciatum and transversum, overlay the 


Si ie i ition ee te me 





\ 
| 
i 
H 


















344 ARCHIVES OF PATHOLOGY 


lateral margins of the foramen magnum by from 5 to 8 mm. The anterior part 
of the top of the odontoid process was covered by a thin layer of fat 
tissue, and the narrow bone-walled fissure around the anterior circumference of 
the odontoid was similarly filled out by fat tissue. In this fat tissue a small vein 
and nerve coming through the small double channel were found. The vertebrai 
arteries entered through pores located beside the odontoid process; the left was 
accompanied by the twelfth nerve; the right had a separate channel 2 cm. behind 
that of the twelfth nerve. Posteriorly, the uneven bottom of the joint cavity 
with two pea-sized elevations covered by cartilage was seen. 

The situation of the deeper ligaments after removal of the membrana tectoria 
and ligamentum longitudinale posterius is shown in figure 11 (right, normal 





Fig. 8.—Anterior view of pathologic preparation after removal of muscles and 
superficial ligaments. An arrow indicates axis of vertebral column; an interrupted 
line, that of os basale and sphenoid. Note subluxation of right inferior articular 
process of occipital bone. Left joint has been opened. 


preparation). The odontoid process had only one ligament, which was inserted 
in both lateral parts of the anterior dilatation of the foramen magnum. This 
ligament covered the odontoid process like a cap and served as the posterior 
capsule of the joint. It was partially adherent on both sides, measured from 
1 to 1.5 mm. in thickness and evidently corresponded to the ligamenta cruciatum 
and transversum of the atlas. (The normal system of ligaments of the atlas and 
axis are seen in the control specimen; they are ligamenta cruciatum, ligamenta 
alare, etc.). 

Examination of Articulations of the Head.—There was only one articular 
cavity, since both occipito-axial articu'ations were connected in their lateral and 
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Fig. 9.—Posterior view of pathologic specimen (right, normal preparation) : 
B, cartilaginous joint surface of odontoid process; /, opened superior joint cavity 
of axis; other marks as in figure 7. 





Fig. 10.—View of pathologic specimen from above (right, normal preparation ) : 
Periosteum partially removed; C, clivus; D, odontoid process; U, unevenness of 
joint surface. Note flattened shape of clivus in pathologic preparation. 
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posterior parts with the posterior joint cavity of the odontoid process. On the 
joint surfaces there were large defects in the cartilage. Some smaller areas 
covered with cartilage were irregularly elevated, like protuberances. The surfaces 
of the upper articulations of the axis were much enlarged, but were only partially 
covered by cartilage. The defects of cartilage were most conspicuous in the 
posterior parts. In this area pea-sized cartilaginous islands were seen (figs. 10 
and 11). Both of these articulations were saddle-shaped, with rooflike, irregular 
elevations in their midfrontal areas. The elevation on the right was larger than 
that on the left. The right joint surface showed near its anteromedial margin 
a bony protuberance with a somewhat uneven surface, the size of a small pea 
(fig. 7). This protuberance coincided with an adequate ditch of the “occipital” 
joint surface, deprived of cartilage. The immobilization of the head might have 
been due chiefly to this pathologic connection of both joint surfaces. The articu- 
lations of the occipital bone, also, had pea-sized defects of cartilage on the lateral 





Fig. 11—Posterior view of pathologic preparation after removal of arches of 
vertebrae (right, normal preparation): Deeper ligaments of odontoid process are 
shown; D, ligamentum cruciatum; AL, ligamentum alare; C, clivus; A, atlas; 
E, axis; [I-I/I-1V, cervical vertebrae. 


parts of both surfaces. The whole left surface was somewhat smoother than the 
right. The anterior and lateral part of the odontoid process also seemed to be 
covered by cartilage. Nevertheless, it was partially rough, and adherent, especially 
on both sides, to the ligamentum cruciatum. The anterior side had a pepper- 
sized prominence of cartilage in place of the normal joint surface. On the right 
side of this, an irregular ditch of similar size indicated adhesion with the atlas 
part of the occipital bone. Thus only the anterior side and the top of the odontoid 
process failed to be entirely covered by cartilage. To substitute for the destroyed 
cartilage of the articulation there were tonguelike or meniscus-like soft processes 
of the thickened articular capsule, which ended freely in the articular cavity. 
The largest tongue-shaped process covered a large ulcerated area on the posterior 
margin of the right superior axial articulation. 
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The right inferior articulation of the axis was represented by only a pea-sized 
cartilaginous spot. There was scarcely any cavity here. The left inferior articu- 
lation of the axis, as well as the articulations of the other vertebrae, were entirely 
normal. 

The changes in the size of the foramen occipitale magnum are shown in the 
accompanying table of measurements. As a consequence of its penetration into 
the cavity of the spinal foramen, the odontoid process produced changes in three 
directions, namely upward, backward and somewhat to the left. Measurements 
of the normal specimen are given for comparison. 

Histologic Examination—Specimens were taken from the ligament of the 
odontoid process, from the fibrous articular capsule on the right side of the 
odontoid process (see fig. 9), from several parts of the periosteum and joint 
capsules and from the membrana “axo-occipitalis” posterior. Tissue was taken 
also from the second and third segments of the cervical portion of the spinal 
cord, from the right lung and from the right pleura. 

The ligamentum cruciatum showed hyaline connective tissue, with few cells, 
and in some places resembled cartilage. The articular surface was almost devoid 


Size of the Pathologic Foramen Magnum in This Case Compared with the Normal 





Pathologic Normal 
Difference in height between the apex of the odontoid process and the 


incisura marginalis posterior foraminis magni................-....0+. +20 mm. + 2mm.* 
Difference in height between the apex of the odontoid process and the 

SERUNTS TUNIS QUOONOOE fiSiikc occ cccckcnsidededesd cbsteccisccosasece 0 — 8mm. 
Difference in height between the apex of the odontoid process and the 

ee EE SIE nn ceca cevecdeddubcabavhnccessesgecdeds + 4mm. —12 mm.t 
Distance between the posterior surface of the cruciform ligament and 

CHES TRETSTITA SAT HMIGIS DOGROTIOR occ ccc ccccccvccccccosvccespecccocers 19 mm. 29 mm. 





* When the head is tipped back the posterior margin of the foramen magnum falls from 
1 to 2 mm. below the horizontal line. 

+ This measurement was not taken in a true perpendicular plane, but somewhat toward 
the direction of the lateral odontoid ligament. 


of endothelial cells. In material removed from the capsule of the right occipito- 
axial joint next to the odontoid process, there were particles of real bone contain- 
ing bone marrow in the midst of hyaline connective tissue. Specimens from 
various parts of the capsules, as well as from the periosteum, revealed hyaline 
connective tissue with few cells. The tonguelike, meniscus-shaped structures 
described contained fat tissue and were mostly covered by endothelial cells. 

The central canal of the cervical portion of the spinal cord was greatly 
dilated and had long, bowed, fissure-like processes covered by flattened ependyma, 
extending into both posterior horns (fig. 12). In the central halves of the 
posterior bundles there was extensive destruction of the fatty sheaths, with large 
accumulations of granulated cells. This destruction was especially obvious in 
Clarke’s column, but it was also apparent in the adjoining parts of the gray 
substance. 

The pleura of the right lung showed fibrosis, with occasional small blood 
vessels and capillaries surrounded by an infiltration by round cells. In the sub- 
stance of the lung, the interstitial connective tissue was somewhat increased, and 
the alveoli were partially or totally compressed. There was an accumulation of 
polymorphonuclear leukocytes within the bronchi. 


Pathologico-Anatomic Diagnosis—The pathologico-anatomic diagnosis was: 
assimilation of the atlas; relative dislocation of the odontoid process backward 
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and upward; narrowing of the foramen magnum due to this dislocation; peculiar 
form of arthritis deformans in the articulations between the first vertebra (axis) 
and the skull; colliquation of the anterior part of the medulla by pressure of the 
odontoid process; dilatation of the fourth ventricle of the brain and of sub- 
arachnoidal cysts, approximately 1 by 2.5 cm., on each side of the medulla, com- 
municating with the recessus lateralis of this ventricle; moderate chronic basilar 
leptomeningitis ; thinning of the bones of the skull with deep impressiones digitatae ; 
hydromyelocele below the level of the compression of the medulla; destruction of 
myelin sheaths with accumulation of granular cells in the Goll-Burdach bundles 
and Clarke’s column; chronic fibrous pleurisy, on the right, with retraction of the 
chest and partial atelectasis of the lung; purulent bronchitis; extreme congestion 
of all the internal organs, especially of the liver, spleen and kidneys; moderate 
distention of the urinary bladder; thick, dark red blood. 





Fig. 12.—Section of second segment of cervical part of spinal cord: Dilatation 
of central canal (hydromyelocele) with long bowed processes into both posterior 
horns covered by flattened ependyma. 


COM MENT 


In this case the cause of the sudden death was the compression of 
the medulla. This diagnosis is supported by the observations at autopsy 
and by the results of histologic examination. The sudden death may 
also be explained by the hydrocephalus internus, which actually seemed 
to be circumscribed, being localized mainly in the fourth ventricle. The 
subarachnoidal cysts might also have caused pressure on the cerebellum 
and medulla. The grade of the hydrocephalus probably fluctuated fre- 
quently, and one has to assume that it had suddenly increased just before 
death. The fluctuation of the hydrocephalus and the development of 
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pathologic hydrostatic conditions might have been caused by the pro- 
gressing disease, producing a gradual constriction about the medulla. 
The irregular thinning of the bones of the skull is to be considered as 
a result of increased pressure within the cranial cavity for a very long 
time. The finding is of great importance in its bearing on the possibility 
of establishing an acceptable explanation of the origin of the disease. 

The degeneration of the myelin sheaths found in the posterior col- 
umn and in the gray matter of the spinal cord was the result of a long- 
standing narrowing process or of a compression of the cervical spinal 
cord by hydromyelocele. The hydromyelocele was due also to the com- 
pression of the medulla. It is well known that disturbances of the 
circulation of the spinal fluid are important in the pathogenesis of hydro- 
myelocele. The latter may develop in the spinal cord above or below 
the compression. The degeneration of the myelin sheaths about Clarke's 
column and the posterior cornua might have been produced by the 
pressure of the hydromyelocele. 

The compression of the medulla, therefore, developed slowly as the 
result of a narrowing process of the foramen magnum. The degree of 
narrowing corresponds to the observation of Nonne.’® In his case 
(“malum suboccipitale”) tuberculosis had destroyed the joints of the 
atlas and axis. <A chronic dislocation developed between the atlas and 
the axis and between the base of the skull and the atlas. The atlas 
fused with the base of the skull, and the axis with the atlas. The atlas 
slid forward and the odontoid process of the axis penetrated into the 
foramen magnum. The posterior rim of the odontoid process, owing to 
the dislocation, came 1 cm. nearer to the posterior arch of the atlas. 
The same dislocations occurred in this case. In Nonne’s case the 
upward dislocation of the odontoid process was 2.5 cm.; in this case it 
was 1.8 cm. In Diirck’s '* case the backward dislocation was smaller 





the fractured and backward dislocated odontoid proc- 
ess together with the transverse ligament protruded 7 mm. toward the 
spinal canal. Dirck added that this distance is only a small fraction 
of the sagittal diameter of the spinal canal. However, it is enough to 


than in this case 


cause a mild pressure on the dura and spinal cord. 

The medulla extends from the upper border of the atlas to the 
midportion of the clivus and here lies between the jugular tubercles. 
It is approximately 2.5 cm. in length, its breadth measures from 10 
to 11 mm. below, from 17 to 18 mm. above, and from 9 to 15 mm, in 
the anteroposterior dimension. On the narrowing of, the bony channel 
about the lower end of the medulla in Nonne’s case and in this case, 
there remained a space 19 mm. in diameter for the medulla and other 
soft tissues. In Dirck’s case an even larger space remained (22 mm.). 


16. Nonne, M.: Arch. f. Psychiat. 74:264, 1925. 
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Here the medulla measured 10 mm. in diameter. In my opinion, the 
possibility of compression in a given case is dependent not only on the 
thickness of the contained soft tissues, but also on the amount of 
the cerebrospinal fluid accumulated about the medulla. In this case, one 
has to consider also the effect of an increased internal pressure on the 
spinal cord caused by the hydromyelocele. Although the examination has 
not been completed, the fact that the hydromyelocele extended as far 
as the medulla was shown by a depression in the calamus scriptorius, the 
latter being a connection between the fourth ventricle and the central 
canal. In this case the two fixed and probably constant points, between 
which the compression occurred, were formed by the upper posterior 
surface of the odontoid process and the posterior rim of the foramen 
magnum. In the cases described by Nonne and Durck, however, the pos- 
terior arch of the atlas must also be taken into account, although other 
prominences on the canal wall might have caused pressure at different 
points as the position of the head changed. In this case the compression 
was increased when the subarachnoidal cysts on both sides of the medulla 
were completely filled. 

Classification of the Conditions of the Bones Involved.—lIt is much 
more difficult to determine the development of the pathologic condition 
than to determine the primary cause of death. In order to do that, 
several questions have to be answered besides classifying the pathologic 
changes: What is the significance, first, of the pathologic change of 
the atlas, and second, of that of the occipito-axial joint? Furthermore, 
what is the chronological relationship between these two pathologic 
conditions? Were they caused by the same factor, or did they develop 
separately, from different causes? Finally, is there any possibility of 
a causal relationship between the two pathologic conditions ? 

A pathologic union between the atlas and the axis has not infre- 
quently been found. Lombroso* found synostosis of the atlas in 0.84 
per cent of the soldiers fallen in the battle of Solferino, while Legge ** 
found the same pathologic condition in 0.64 per cent of 780 cases (cited 
by Sommer *®). Monteiro and Tavares *° reported 0.08 per cent occipitali- 
zations among 1,176 craniums. According to newer knowledge this syn- 
ostosis may be congenital or acquired—the latter being usually the result 
of inflammatory processes. In such instances certain deformations occur 
on the vertebrae, that is, exostoses, irregular thickenings or bony ridges. 
In other cases, the atlas may grow together with the skull and may 
form a part of the skull without the presence of previous pathologic 


17. Lombroso, C., quoted by Sommer (footnote 19). 

18. Legge, F.: Arch. di psichiat. 4:384, 1883. 

19. Sommer, W.: Virchows Arch. f. path. Anat. 119:362, 1890. 

20. Monteiro, H., and Tavares, A.: Compt. rend. Soc. de biol. 99:960, 1928. 
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processes. Kollmann * called this union an assimilation, on the basis 
of two of his own cases. In his first case the arch of the atlas was 
developed, the posterior was thinned out and opened to a distance of 1 
cm. The ventral atlanto-occipitale space became a narrow passage as the 
result of the assimilation. In his second case the assimilation was more 
marked ; a considerable part of the posterior arch was absent. Hayek ** 
found assimilation of the atlas in human embryos and new-born infants, 
and in animals. In a case of assimilation the axis does not lose its charac- 
teristics ; it is not transformed into an atlas. The observation was also 
made that the third vertebra is not transformed into an axis. In such 
cases the occipital bone has no occipital condyles, but it shows an inferior 
articular facet similar to that of the atlas. 

In this case a congenital, therefore true, assimilation of the atlas 
occurred. This opinion is based on the facts that the rudiments of the 
atlas were very well outlined on the anterior surface of the wall of the 
foramen magnum, that the vertebral arteries had a regular course and 
that the posterior arch of the atlas was completely absent. That the 
thickening of the left arch and spine of the axis was due to the down- 
ward growth of the atlas cannot be considered. By this determination 
one could rule out inflammatory processes and other pathologic changes 
thought of in connection with the question of etiology. Histologic 
examination spoke against pathologic lesions of specific inflammatory 
or other nature. Autopsy did not show any signs of tuberculosis. As 
I have previously mentioned, even in healed Pott’s disease a tuberculous 
focus of similar duration must be present somewhere in the body. By 
ruling out inflammation and by establishing the congenital origin of the 
assimilation of the atlas I also have been able to trace a definite chrono- 
logical order in the course of the deformities found on these bones and 
joints. It would seem reasonable to apply the name “assimilation” of the 
atlas only to congenital cases, while for all others the name “synostosis” 
should be used. 

A synostosis may interfere with a cysternal puncture, as was pointed 
out by Anton ** and others. This is very unlikely in the case of assimi- 
lation of the atlas, because under such circumstances there is, as a rule, 
an absence of the posterior arch of the atlas, thus facilitating 
puncture. It is a fact, however, that by tipping back the head in this 
case the posterior space between the occipital bone and the axis was 
made smaller than the posterior atlanto-occipital space of the control 
specimen. 


21. Kollmann, J.: Verhandl. d. anat. Gesellsch. 19:231, 1905; Anat. Anz. 
30:545, 1907. 

22. Hayek, H.: Jahrb. f. Morphol. u. mikr. Anat. 58:269, 1927. 

23. Anton, G.: Deutsche Ztschr. f. Nervenh. 89:2, 1926. 
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On the other hand, if by roentgenogram and puncture an occlusion 
of the posterior space is detected, according to our present knowledge 
the condition is, most probably, a synostosis, therefore an acquired con- 
dition and not an assimilation. 

Another pathologically important feature of a union of the atlas 
with the occipital bone was pointed out by Anton.** He found nine 
cases of epilepsy among thirty-one persons showing “eine \Verwachsung 
oder ganz nahe Kontinuitat des Atlas mit dem Hinterhauptbeine am 
Profilrontgenbilde.” In one case, autopsy, it was said, proved the roent- 
gen observations. It must be mentioned that Forster, who was present, 
did not find the pathologic change demonstrated by Anton. 

Bertolotti and Mattirolo ** reported the occurrence of “congenital 
cranio-vertebral malformation” in three cases of complex Friedreich- 
P. Marie disease. The x-ray picture in the first case showed, according 
to the authors, atlo-axial occipitalization and vertical median segmenta- 
tion of the posterior arch of the atlas and furthermore partial axo- 
assimilation of the third cervical vertebra. 

Therefore, the observations made to date do not seem to have proved 
definitely the pathologic importance of the assimilation of the atlas. I 
agree with Hayek * in this opinion. 

Conditions of the Joint—The deformities of the joint corresponded in 
part to those found in chronic arthritis deformans, although they showed 
some essential differences from these. Chronic arthritis deformans may 
develop from an acute purulent arthritis, or it may develop in an essen- 
tially chronic manner. In this case, although there were no supporting 
clinical data, one may assume that the empyema that was noted three 
years previously might have caused purulent inflammation of this joint 
by metastasis. Purulent arthritis is usually not superficial, but often 
extends to the outer layers of the membrane of the joint and to the 
periarticular tissues. In the latter instance, an abscess develops about 
the joint. There is frequently a pathologic involvement of the cartilage 
of the joint in cases of purulent arthritis, viz., a necrosis of the cells, 
preceded by fatty degeneration and splitting of the matrix into fibers 
After the immigration of leukocytes, the cartilage becomes liquid or 
separated from the bone. There develops a sequestering or rarefying 
osteitis in the denuded bone, resulting when completely healed, in 
ankylosis. If the cartilage does not degenerate, as occurs in a milder 
case after the inflammatory process has subsided, the capsule of the joint 
shrivels up, and the result is limited motion (pseudo-ankylosis). The 
purulent inflammation may become chronic. At such times, the inflam- 
mation stops on the development of a bone-forming osteitis fibrosa on 
the denuded joint surfaces, provided death does not ensue or provided 


24. Bertolotti, M., and Mattirolo, G.: Chir. d. org. di movimento 6:253, 1922. 
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the soft tissues are not involved. Thus the denuded joint surfaces grow 
together (true ankylosis). The synovial membrane becomes fibrosed 
and during the granulation the suppuration ceases. 

In this case neither pseudoankylosis nor true ankylosis was present. 
The cavities of the occipito-axial joint were rather wider than normal. 
The synovial membrane did not show inflammatory thickening. Histo- 
logically it was loose and rich in blood supply, and in many places an 
endothelial lining could be demonstrated. I think that a metastatic arth- 
ritis originating from the empyemia that was present three years pre- 
viously may be ruled out on the basis of these findings. 

Three forms of essentially chronic arthritis are distinguished: The 
first, ulcerous arthritis sicca is a disease of old age. Frequently it 
develops in one joint, especially that of the hip; therefore the name 
“malum coxae senile.” It is not an inflammation, but a disturbance in the 
nutrition of cartilage and bone. The cartilage cells undergo fatty degen- 
eration ; the matrix is split into fibers ; finaily it falls apart, and the edge 
or the whole surface of the cartilage becomes ulcerated. The denuded 
bone is transformed into a partly porous, partly sclerotic, substance. A 
thickening of the synovial membrane occurs, without, however, new 
formation of bone. The second form of chronic arthritis, adhesive 
arthritis (chronic rheumatism) is a disease involving numerous joints. 
Its distribution is similar to that of acute “rheumatism” (acute poly- 
arthritis), and it develops occasionally on the basis of this disease. As 
a rule, however, its onset is insidious from the beginning; it gradually 
gets worse until the end of life, and in a severe case destroys all the 
joints of the body. The characteristic pathologic changes are: an inflam- 
matory thickening of the capsule of the joint and degeneration of the 
cartilage, which subsequently is replaced by connective tissue. The 
synovial membrane is transformed into a hard, fibrous connective tissue, 
often with the fibrous capsule, ligaments and tendons. The union of the 
capsules obliterates the recesses of the cavity of the joint. There is no 
exudate, the synovia being of an unusually small amount. The degen- 
eration and ulceration are very similar to that occurring in arthritis 
sicca, but in contrast with the latter, the degenerated cartilage is replaced 
by connective tissue, which regenerates from the synovial membrane. 
These connective tissues later result in the union of the joint surfaces 
(fibrous ankylosis). Bony tissue may also be formed in this connective 
tissue (osseous ankylosis). Subdislocations of joints of hands and feet 
may occur, with clubbed position; the corresponding muscles become 
atrophic. A third form, chronic arthritis deformans, is characterized by 
degeneration and atrophy, and on the other hand by a regeneration of 
cartilage and bone. The areas showing much lack of material correspond 
to those subjected to the highest pressure. In the areas of the degen- 
erated cartilage the bone becomes sclerotic (through fibrous osteomye- 
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litis) and even may become ivory-like. In either case these areas are 
polished smooth through motion. The rough surfaces of the opposing 
bones make furrows in each other, which are parallel in the joints with 
one axis. Independently of this polishing, circumscribed cavities and 
widespread defects develop as a result of subchondral lacunar resorp- 
tion. The head of the joint becomes flat. Simultaneously with the 
destruction of the surface of the joint a widening of the same takes 
place by bulging of the rim of the cartilage (peripheral ecchondrosis— 
Pommer’s “Randwiilste”), in an older case the bulging being caused by 
a periosteal exostosis. Accordingly, the rim of the joint shows similar- 
ities to a mushroom. The capsule of the joint usually presents an 
inflammatory thickening, especially at its reflection. The thickening 
is due to enlargement of the villi of the joint. The villi grow out to 
long threads, and they may cover the whole surface, or they may be 
found only on the rim of the joint or in the recess of the reflection 
(villose joint, “Zottengelenk”). The hypertrophied villi are commonly 
made up of connective tissue (“papillary fibroma’’), although they may 
contain fat tissue, or even may be formed exclusively by fat tissue 
(“lipoma arborescens’’). Villi of the latter type are thicker and more 
bulky than the “fibromas.” During movements they break off easily and 
fall into the cavity of the joint. Bone may also be formed in the villi 
and be torn off, resulting in a so-called “joint mouse.” Neither exudate 
nor union belong to the picture of chronic arthritis deformans. Accord- 
ing to Pommer,”® the important pathologic indication of this disease 
is the ingrowth of a marrow-containing bone to the rim of the joint 
cartilage, thus giving rise to a so-called “Randwulst.” Chronic arthritis 
deformans occasionally involves numerous joints. In the majority of 
cases, however, only one, especially the hip joint, is affected. This 
monarticular form is often caused by injuries or by excessive use of 
the joint in certain vocations. It may also follow some other inflam- 
matory processes, possibly tuberculosis, and in the latter instance occurs 
in childhood. 

The etiology and pathogenesis of chronic arthritis deformans is 
not fully understood. According to the functional theory of Pommer * 
and Benecke,”*® diminished elasticity of the cartilage is the beginning 
change. Schmidt ** also believed that the cartilage is the seat of the 
primary change. Lang’s ** opinion was that the greatest importance 
regarding the etiology and pathogenesis should be laid on the mechanical 


25. Pommer, G.: Virchows Arch. f. path. Anat. 219:261, 1915. 
26. Benecke, R.: Fortschr. a. d. Geb. d. Réntgenstrahlen 33:843, 1925. 


27. Schmidt, M. B.: Handb. d. path. Anat. 2:240, 1928; Centralbl. f. allg. 
Path. u. path. Anat. 41:24, 1928. 


28. Lang, F. J.: Med. Welt 15:557, 1928. 
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and functional injuries affecting the joints. Wagner * pointed out the 
significance of muscular activity. Disturbances of the latter have an 
important influence on the development of the pathologic conditions of 
the joints. In addition, chronic internal injuries of the joint may also 
act as causes. Heine *° did not accept the functional-mechanical theory 
of Pommer and Benecke or the statical theory of Preiser.** Heine, 
after various considerations regarding the etiology, attributed much, 
though not the greatest, significance to humoral effects, these being in 
close relationship to heredity, constitution and disposition. Conse- 
quently, one meets with widely varying, rather obscure causes in the 
etiology, as well as in the pathogenesis. Axhausen,** contrary to Pom- 
mer, pointed out the importance of a primary necrosis of the cartilage 
in the development of chronic arthritis deformans. Heine *° admitted, 
however, that in certain conditions abnormal positions of the joint 
may secondarily induce arthritis deformans and that the former may have 
great influence on the course of a primary degenerative arthritis. There- 
fore, Heine attributed only a secondary importance to the functional- 
mechanical theory. 

In comparing the pathologic changes in this case with those discussed 
in the preceding paragraphs, it becomes evident that the condition here 
cannot be classed with the first two forms of chronic arthritis. It was 
similar to chronic arthritis deformans to the extent that the joint sur- 
faces were enlarged, and that there was more or less lack of cartilage. 
Consequently, the joint surface became very rough, though there was 
an absence of the typical “Randwulst” that occur in classic arthritis 
deformans. The cartilage-covered elevations were not found on the rim 
of the joint, but rather toward the center. They were comparatively 
low and probably were due to a degenerative disappearance of the 
adjacent cartilage. The behavior of the synovial membrane of the capsule 
was also different ; instead of “lipoma arborescens,” peculiar meniscuses 
were developed exactly filling out the spaces of the rim that were 
deficient in cartilage. In order to save the specimen, a histologic exami- 
nation of the joints was not carried out. On the basis of the described 
findings, however, I classify the condition as belonging to chronic arth- 
ritis deformans. According to all findings, the changes developed 
secondarily ; thus one is dealing with a secondary arthritis. I expect to 
analyze and discuss the peculiar deformities of the joints in this case 
in the future. A succinct explanation of their development may be given 
as follows: The odontoid process of the axis abnormally approached the 


29. Wagner, K.: Med. Klin. 23:1258, 1927. 

30. Heine, J.: Virchows Arch. f. path. Anat. 260:521, 1926. 

31. Preiser, G.: Deutsche Ztschr. f. Chir. 89:540 and 613, 1907. 
32. Axhausen, G.: Berl. klin. Wcehnschr. 52:1205, 1915. 
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medulla because of the assimilation and rudimentary development of the 
mass of the atlas. It caused a narrowing of the bony canal from birth. 
This narrowing caused, on the one hand, a disturbance of the circula- 
tion of the spinal fluid, increasing intracranial pressure, and, on the 
other hand, compression of the meduila. It is probable that the latter 
circumstance provoked the abnormal position of the head, in consequence 
of which the mechanism of the joints of the head was changed, resulting 
in abnormal function. The abnormal function—lack of function, 
specifically—during a period of time caused both the partial destruction 
of the cartilage of the joints and the atrophy of the bony end-portions. 
Simultaneously with the progressive changes in the joints there grad- 
ually developed a diminution of space about the medulla, thus producing 
a vicious circle. Accordingly, in this case the chronic arthritis defor- 
mans was due purely to a pathologic change of function—specifically, 
to mechanical-statical conditions. Therefore, one may explain the etio- 
logy of the arthritic condition in this case by the fuctional theory. 

Of the small joints, the right inferior joint surface of the axis was 
diminished, as was the contiguous joint surface of the adjacent “second” 
vertebra. The diminished surface might have been caused by the dis- 
location and was probably related to the forward subdislocation of the 
right “occipital” joint surface. In the formation of this joint deformity 
a deviation of the articular processes might have taken a part, or there 
may have been a retardation in the development of this joint. 

‘The question of why the disease developed only in the later years 
of life, causing indirectly the death of a 33 year old person, may be 
chiefly answered by a disposition of age. One must also consider 
changes in the circumstances of life (the indigences of war and over- 
work). Heine *® pointed out the importance of heredity, constitution 
and disposition in the obscure etiology of chronic arthritis deformans. 
In this case, however, the constitutional factor, the malformation of the 
bone, seems to have been the most important. 

Another question requiring an answer is: What is the explanation 
of the fact that pathologic changes similar to these have not been found. 
In the reported cases (Kollmann*' and others) anatomic specimens 
were presented, which had previously been macerated, and the past 
history of which was probably unknown. But even these cases differ 
from this one in the degree of assimilation. In the case of Koilmann, 
there was only a partial assimilation, and the bony substance was not 
hindered in development. It seems, therefore, that the important factor 
is a considerable degree of assimilation of the atlas and a defective devel- 
opment of the bony mass which may result in compression of the 
medulla. Furthermore, it is also possible that similar cases remained 
obscure because of the difficulty of examination and because of lack 
of reports of similar observations. 
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SUM MARY 


Among the pathologic changes of bones which may cause compres- 
sion of the medulla, the dislocation of the odontoid process of the 
axis seems to be the most important. Observations show that this 
dislocation is mostly caused by partial destruction of the bones around 
the medulla due to inflammation or to trauma. 

According to my observation, the odontoid process may become 
“dislocated” in consequence of an assimilation of the atlas, and may 
cause compression of the medulla. But it seems that the assimilation 
must reach a certain degree, while the mass of the atlas remains under- 
developed. This assimilation of the atlas causes pathologic changes 
similar to those in arthritis chronica deformans, owing to the abnormal 
mechanical-statical conditions. This, therefore, supports the functional 
theory of the etiology of arthritis chronica deformans. The pathologic 
function has to be regarded as secondary i. e., as a consequence of the 
primary constitutional factor—the malformation of the atlas. 

As to the compression of the medulla, the alterations of the articu- 
lations described are of great importance. By their successive develop- 
ment, the volume of the bone-walled channel around the medulla is 
changed accordingly, and in this way a vicious circle arises between 
compression and the conditions in the joint. 

On the basis of this case, and according to the cases published, a 
lethal compression of the medulla may occur when the odontoid process 
is dislocated at least from 7 to 10 mm. backward, and from 18 to 25 mm. 
upward. In considering compression, the development of hydrocephalus 
and hydromyelocele is of great importance. 

As the atlas may be more or less melted together with the os 
occipitale after various inflammatory processes, I would propose that 
the term “assimilation” be reserved for congenital cases, i. e., those 
based on malformation. The adhesions of the bones arising in extra- 
uterine life (in most cases with inflammatory origin) should be called 
“synostosis.” 

Only synostosis may become a hindrance to puncture of the cysterna. 
It is probable that in the case of assimilation, in which, as a rule, the 
posterior arch of the atlas is absent to a greater or less extent, puncture 
of the cysterna is easier. 

CONCLUSION 

From the results of the examination of this case evidence has been 
obtained demonstrating the pathologic importance of assimilation of 
the atlas and supporting the functional theory of the etiology of a 


peculiar form of arthritis chronica deformans. 
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EXPERIMENTAL RICKETS AND CALCIFICATION 
OF DENTIN * 


H. BECKS, M.D., D.D.S. 
AND 
W. B. RYDER, D.D.S. 
SAN FRANCISCO 


By detailed research, McCollum and Simmonds,' Shipley and Park,? 
and Sherman and Pappenheimer,’ as well as others, have extended 
knowledge of experimental rickets in rats. In the course of their nutri- 
tional studies on the formation of bone they succeeded in proving that 
the ratio of calcium to phosphorus, within certain limits, is of greater 
importance than the absolute amounts. If the ratio is ideal, i.e., a 
relative excess neither of the one nor of the other, a comparatively small 
amount of vitamin D will insure normal skeletal development. On the 
other hand, if there is a relative excess of phosphorus over calcium, or 
vice versa, small amounts of vitamin D cannot prevent severe distur- 
bances of the bones. 

However, by compensating for the relative lack of calcium or phos- 
phorus or by increasing the amount of vitamin D in the diet, normal 
formation of bone could be induced. In other words, vitamin D is able 
to compensate, in part at least, for the disproportion of the mineral 
salts. Abnormal bone is formed when these three factors are altered, 
and the typical picture of true human rickets is produced when there 
is an improper ratio of calcium to phosphorus in the absence of vita- 
min D. Many articles have been written describing the several diets 
that will produce these severe changes in the bones, and of especial 


* Submitted for publication, Feb. 17, 1931. 

* From the College of Dentistry and the George Williams Hooper Foundation 
for Medical Research, University of California. 

* Conducted under grants made by the Carnegie Corporation, the Research 
Commission of the American Dental Association and the California State Dental 
Association. 
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interest are McCollum’s diets 3127, 3133, and 3143. These are set 
forth in the table. 

Diet 3127 is deficient in phosphorus and is practically free from 
vitamins A and D. It contains adequate protein, and the amount of 
calcium is close to the optimum. When young rats are fed on this 
diet, they grow for a short time, depending on the amount of vitamin 
A stored in their livers; then severe ophthalmia and rickets develop and 
the rats die early. 

A small change in the diet, the addition of a little butter fat, is 
sufficient to improve the curve of growth and to retard the development 
of the disease of the eyes. This occurs with diet 3133; it produces a 
more characteristic picture of rickets, as the animals live longer. 

Diet 3143 resulted from a study to find the relation of phosphorus 
to rickets. There is sufficient vitamin A to prevent sore eyes and to 


McCollum’s Diets for the Production of Severe Changes in the Bones 








Diet 3127 Diet 3133 Diet 3143 


Wetted COtsiecc cscs cesses 40.0 Rolled oats*...........+.- 40.0 Weivatakviccecesss, 33.0 
GSS cigs Daedeawyeises 10.0 GM ics bak cendeicees 10.0 Maize (yellow)........... 33.0 
Wheat gluten............ 7.0 Wheat gluten............ 7.0 Ga oetevisctscsyess 15.0 
Sodium chloride.......... 1.0 Sodium chloride.......... 1.0 Wheat gluten............ 15.0 
Potassium chloride...... 1.0 Calcium carbonate....... 2.0 Sodium chloride.......... 1.0 
Caleium carbonate....... 2.0 Potassium chloride...... 1.0 Calcium carbonate....... 3.0 
Oe asbaskte bot 6avsenea 39.0 ceva saiuepec atic 38.5 

POGUE BGS ivcctecicess 0.5 








* Finely ground. 

+ Wheat and yellow corn finely ground. 
induce fair growth; the diet is low in phosphorus and high in calcium 
and has sufficient vitamin B and sufficient vitamin G to prevent beriberi 
and pellagra. This diet contains no vitamin D. It produces enough 
growth to make a wide metaphysis free from calcification, and rachitic 
lesions best suited to histologic study. 

According to Shipley and Park,’? young rats fed diet 3143 show some 
changes in their movement after from eighteen to twenty days, when 
kept in a dark or a semidark room. They no longer walk in straight 
lines, but stagger from side to side. Frequently weakness of the hind 
legs develops that may lead eventually to definite paralysis. The first 
signs of impaired movement are simultaneous with characteristic changes 
in the bones. 

Shipley and Park used for their microscopic examinations the distal 
end of the femur and the proximal end of the tibia. In normal bones 
the epiphysis is separated from the diaphysis by a distinct straight line. 
In rickets this demarcation is ragged and may be of diagnostic value. 
Diet 3143, the “line test diet” produces a typical line, which is free from 
‘ calcification and thus can be used to test substances for their vitamin D 
content. Shipley and Park showed that the nature of the changes 
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induced is not constant, and that the x-ray picture cannot give the 
desired information; therefore a histologic study of the long bones is 
essential. . 

Three types of changes are produced in the growing skeleton: (1) 
typical rickets, (2) atypical rickets and (3) osteoporosis. 

Typical experimental rickets presents the microscopic picture of 
human rickets; that is, osteoid margins, increased depth and length of 
the epiphyseal cartilage, irregular vascularization in the cartilage and 
metaplasia of the latter to osteoid tissue. The rachitic zone between the 
cartilage and the bone develops in the same manner as in human beings. 

Atypical rickets differs in that the changes are not so pronounced, 
and occasionally there is partial calcification, while heavy osteoid mar- 
gins are found on the bone trabeculae. Sometimes the picture of 
osteoporosis is combined with that of rickets. 

Shipley and Park in their histologic examination of rachitic material 
did not describe the effects on the jaw bones and teeth. A description 
of macroscopic conditions of the teeth and mouth has been given by 
Grieves. This did not permit an analysis of the histologic changes in 
either the teeth or the paradentium of these rats. 

Since a tooth arises from the epithelial and mesenchymal tissues 
(enamel and dentin), it would seem to be an ideal medium for the 
study of the calcification and development of hard substances. Dr. 
E. V. McCollum has put the “fixed” skulls of a large series of these 
experimental rats at our disposal, enabling us to complete the histologic 
picture of experimental rickets and to describe the involvement of the 
teeth and of the surrounding tissues. 


MATERIAL 


The upper and lower jaws of twenty-one rats were examined. All 
these animals had been on the line test diet, 3143, for from seven to 
forty-two days. Their growth was fairly satisfactory, the animals being 
about 25 days old when first placed on the diet. In order to study the 
sequence of the effects of the diet on the development of the teeth, 
groups of three animals each were examined, which had been seven, 
fourteen, twenty-one, twenty-seven, twenty-eight, thirty-five and forty- 
two days on the diet. 

HISTOLOGIC EXAMINATION 


The histologic examination revealed distinct changes in the dentin, 
which increased during the course of the experiment. The photomicro- 
graphs reproduced here are all of the same magnification to facilitate 
orientation (except figs. 7, 12, 16 and 17). They represent typical 


4. Grieves, C. J.: The Effect of Defective Diets on Teeth, J. A. M. A. 79: 
1567, 1922. 
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stages of dentinal development as found in the incisors of each group. 
The molar teeth could not be used as well for this examination, as they 
are not of continuous growth and had almost completed their growth at 
the time the experiment began. There were, however, several items 
of note in the molar area as described later. 
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Fig. 1.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
seven days: a, normally calcified dentinal matrix; 6, zone of irregular globular 
calcification; c, demarcation line; d, calcoglobuli; ¢, predentin; O, odontoblastic 
layer; E, enamel; U E E, united enamel epithelium. The specimen (1205 A) 
was embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz 


objective ; apochromatic lens, 16 mm; eyepiece, 4 X ; extension of camera, 80 cm. ; 
reduced from a magnification of 150:1. 
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The incisors were cut lengthwise in such a manner that central 
longitudinal sections from the crown through the apical foramen were 
available for examination. The photomicrographs were taken at the 
same distance from the apical foramen and on the buccal surface of the 





Fig. 2.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
fourteen days: a, normally calcified dentinal matrix; b, zone of irregular globular 
calcification; d, calcoglobuli; e, predentin; x, group of atrophic odontoblasts ; 
y, group of vital, well-stained odontoblasts; EZ, enamel, fallen out in decalcifica- 
tion; U E E, united enamel epithelium. The specimen (1217 A) was embedded 
in a collodion preparation and stained with hematoxylin-eosin; Leitz objective; 


apochromatic lens, 16 mm.; eyepiece, 4 X; extension of camera, 80 cm.; reduced 
from a magnification of 150:1. 
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tooth in order to compare the changes more accurately. Serial sections 


were cut from all blocks. 
Because of the normal nutrition during the first twenty-five days, a 


zone of uniformly calcified dentin is visible histologically in all animals. 


This layer has been denoted as a in all figures. 


Fig. 3.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 


x, group of atrophic odontoblasts; y, deeper stained, vital 


twenty-one days: 
The specimen (1222 B) 


odontoblasts, with corresponding continued calcification. 
was embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz 


»bjective ; apochromatic lens, 16 mm.; eyepiece, 4  ; extension of camera, 80 cm. ; 


reduced from a magnification of 150:1. 
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After seven days (fig. 1) it can be seen that another fairly well cal- 
cified dentinal layer, b, exists in contact with the normal zone a. There 
is a definite line, c, between these two zones. Layer b is not straight 


as under normal conditions, due to an irregular, globular calcification, 





Fig. 4.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-seven days: a, normally calcified dentinal matrix; b, zone of irregular 
globular calcification; ¢, predentin; v, included blood vessels; 7, included blood 
vessel, with obliterated distal end; O, odontoblasts; E, enamel. The specimen 
(1234 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 *; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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d. The predentinal layer, ¢c, is abnormally wide. The odontoblasts are 


in normal arrangement and seem to be of equal vitality. 
After fourteen days (fig. 2), it can be recognized that the pre- 


dentinal layer is a great deal wider. The irregularly calcified zone, b, 
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Fig. 5.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-seven days: a, normally calcified dentinal matrix; b, zone of irregular, 
globular calcification; ¢, predentin; +, advanced areas of degeneration in odonto- 
blastic layer; v, included capillaries; O, odontoblasts; E, enamel. The specimen 
(1234 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin: Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 ; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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is more pronounced. The odontoblastic layer is well stained, except for 
several definite areas, as at +. The odontoblasts in this area seem to be 
in a state of complete exhaustion; this might explain the stopping of 
the calcification in the adjacent dentinal matrix. These odontoblasts are 
in contrast with the deeply stained ones at y, with a corresponding con- 
tinuation of calcification. The widening of the predentinal layer sug- 
gests that the matrix has continued to form at the normal rate, but that 
the calcification has slowed down. 

Figure 3 apparently shows the same conditions further advanced 
after twenty-one days. The predentinal layer is about the same width, 
but involvement of the odontoblastic layer is greater. Areas of well 
stained odontoblasts alternate with others poorly stained; and corre- 
sponding to these areas are, alternately, zones where calcification has 
continued and others where it has been stopped for some time. 

Figures 4 and 5 are taken from the same specimen, from a rat that 
had been for twenty-seven days on the diet. Figure 4 shows an area 
incisal to the typical position. The latter is shown in figure 5. Virtually 
the same disturbances in calcification are shown in both pictures. It 
can be observed that the zone of irregular globular calcification in figure 
4 is considerably wider and the predentinal layer much narrower than in 
figure 5. Blood corpuscles are plainly seen in the included vessels 
found in the predentin of both areas. This indicates that they were 
active at necropsy. These capillaries, which can be traced directly from 
the pulp, are found in greater numbers as one advances toward the 
apex. The vessel v,, in figure 4, is obliterated at its distal end, which 
probably accounts for the calcification in close proximity to that portion 
of it. 

In figure 5 the odontoblasts are seen to be in a more advanced stage 
of degeneration than those shown in figures 2 and 3. This degenera- 
tion is uniform in figure 4, whereas in figure 5 it has affected small alter- 
nate groups. Adjacent to these most advanced areas of degeneration an 
apparent ingrowing of capillaries is observed. This was first described 
by Erdheim.® 

Marked disturbance in the formation of the dentin matrix is found 
after twenty-eight days (fig. 6). Many capillaries are included in the 
matrix. A definite border is no longer found at the edge of the pre- 
dentin. As a result the odontoblasts have a wavy, irregular appearance 
instead of their usual parallel arrangement, and show definite pathologic 
changes. An almost complete loss of staining power is noticed, and 
they can hardly be differentiated from other cells of the pulp. An 


5. Erdheim, J.: Frankfurt. Ztschr. f. Path. 7:175, 1911; Denkschr. d. k. 
Akad. der Wissensch., Math.-naturw. Klasse, 1914, vol. 90; Mitt. a. d. Grenzgeb. 
d. Med. u. Chir., 1906, vol. 16. 
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increased number of vessels run into the predentin in an irregular 
manner, and are there inclosed by the ground substance. It seems as 
if the degeneration of most of the odontoblasts had started early, and 
that only a few have continued active. For instance, at ¢ (fig. 6), 
several places are seen where the formation of ground substance has 





Fig. 6.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: a, normally calcified dentinal matrix; ¢, predentin; ft, areas of 
prolonged formation of ground substance and Tomes’ fibrils; v, included capil- 
laries; O, layer of odontoblasts, greatly disorganized; E, enamel. The specimen 
(1258 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 ; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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continued, with distinct formation of Tomes’® fibrils. Adjacent to 
these areas the inclusion of capillaries may be noted, probably because 
no ground substance was formed. 

Figures 7, 8 and 9 show that these changes are not always produced, 
even under similar nutritional conditions. These photomicrographs are 
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Fig. 7.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: «2, group of atrophic odontoblasts; y, group of vital, well 
stained odontoblasts. The specimen (1261 A) was embedded in a collodion 
preparation and stained with hematoxylin-eosin; Leitz objective, 1 b; eyepiece, 
4 X; extension of camera, 80 cm.; reduced from a magnification of 55: 1. 


6. Tomes, Charles: Deutsche Vrtljschr. f. Zahnh., 1878, no. 2, p. 159. 
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taken from animals that were also on the rachitic diet for twenty-eight 
days. Included vessels are not found in the predentin. In these speci- 
mens the intermittent degeneration of the odontoblasts, .°, with a corre- 
sponding cessation of calcification, is conspicuous. In some places where 
the odontoblasts are still vital, y, and stain intensely, globular calcifica- 


tion has continued. 





Fig. 8.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: +, group of atrophic odontoblasts and cessation of calcifica- 
tion; y, group of vital odontoblasts and continued calcification. The specimen 
(1261 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 X; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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The pathologic changes of the odontoblastic layer in this animal 
have not progressed so far as in the animal of figure 6, although both 
were on the diet for twenty-eight days. 

Figure 10 shows an area of hypoplasia of enamel. This was seen 
only in animals that had been on diet 3143 for at least twenty-eight 





Fig. 9—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: +, group of atrophic odontoblasts; y, group of vital odonto- 
blasts. The specimen (1262 A) was embedded in a collodion preparation and 
stained with hematoxylin-eosin; Leitz objective; apochromatic lens, 16 mm.; eye- 
piece, 4  ; extension of camera, 80 cm.; reduced from a magnification of 150:1. 


days. Ameloblasts in their typical form are not visible in the hypo- 
plastic area. More detailed description of this condition will be given 
in a subsequent report. 
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The changes after thirty-five days of the diet are not essentially 
different from those after twenty-eight days. As may be seen in 
figure 11, the involvement of the odontoblasts and the consequent cessa- 
tion of calcification in the predentin are present. 

Figure 12 is near the incisal edge; figure 13 is a higher magnification 
of the same area, and figures 14 and 15 are closer to the apex of the same 











Fig. 10.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: 4, area of hypoplasia of enamel; E, enamel; U E E, united 
enamel epithelium. The specimen (1262 B) was embedded in a collodion prepara- 
tion and stained with hematoxylin-eosin; Leitz objective; apochromatic lens, 16 
mm.; eyepiece, 4 <; extension of camera, 80 cm.; reduced from a magnification 


of 150:1, 





372 ARCHIVES OF PATHOLOGY 


tooth, all from an animal that had been on a rachitic diet for forty- 
two days. In the upper part of figure 12 conditions are similar to those 
described in figure 4. However, the zone of predentin is smaller. It 
seems as if the calcification of the predentin has started again after an 
interval of only partial or spotty deposition. This is shown by the for- 


Fig. 11.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
thirty-five days: ¢, predentin; +, group of atrophic odontoblasts; y, group of vital 
odontoblasts; £, enamel; O, odontoblastic layer. The specimen (1273 A) was 
embedded in a collodion preparation and stained with hematoxylin-eosin; Leitz 
objective ; apochromatic lens, 16 mm.; eyepiece, 4 X ; extension of camera, 80 cm.; 
reduced from a magnification of 150:1. 
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mation of the dense homogeneous layer, f, following the zone of irregular 
calcification, b, At the higher magnification this can be seen clearly. 
The darker staining at y shows regeneration and is accompanied by 
renewal of calcification, between areas of exhausted odontoblasts and 
spotty deposition. Figures 14 and 15, taken further apically, show that 








Fig. 12.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
forty-two days: a, normally calcified zone; b, zone of irregular globular calcifica- 
tion; f, layer of new homogeneous calcification ; y, vital odontoblasts. The specimen 
(1282 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective, 1 b; eyepiece, 4 &; extension of camera, 80 cm.; reduced 
from a magnification of 55:1. 
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the degeneration is more uniform, and that a large number of capillaries 


are included in the matrix. 

It has been mentioned before that the greater portion of the molar 
teeth of the rats had-been formed when these animals were placed on 
the diet. Some distinct differences are found, however, when figure 16 





Fig. 13.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
forty-two days: a, normally calcified zone; b, zone of irregular calcification; f, 
layer of new homogeneous calcification; y, group of vital odontoblasts. The 
specimen (1282 A) was embedded in a collodion preparation and stained with 
hematoxylin-eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 x; 


extension of camera, 80 cm.; reduced from a magnification of 150: 1. 








seven days). 
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(taken after seven days) is compared with figure 17 (taken after twenty- 


Both pictures have been made at the same magnification, 


86:1, as that of the first molars of animals from these groups. Com- 
plete growth of tooth and bone had: not taken place at the end of the 


prediet period of twenty-five days. The distinct osteoid, dentinoid and 





Fig. 14.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
forty-two days: b, zone of irregular calcification; v, included blood vessel. The 
specimen (1282 A) was embedded in a collodion preparation and stained with 
hematoxylin-eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4X ; 
extension of camera, 80 cm.; reduced from a magnification of 150: 1. 


cementoid margins are seen in both cases, but appear more pronounced 
The root in figure 17 is considerably longer, although the 
§ , s 


in figure 17. 
The width of the predentinal 


diameter is the same in both specimens. 
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membrane at the crest of the alveolar ridge has been reduced by con- 
tinued growth of osteoid tissue and the length of the apical predentin, 
measured from the lowest point of calcified dentin to the apex, is almost 
twice as great in the older animal. 

This might indicate continued rapid growth of dentinal matrix in 
the apical direction. The same increase of osteoid tissue is also to be 
noticed at from r to s, figures 16 and 17. Concerning the development 


e 


Fig. 15.—Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
forty-two days: ¢, predentin; v, included vessel. The specimen (1282 A) was 
embedded in a collodion preparation and stained with hematoxylin-eosin; Leitz 
objective; apochromatic lens, 16 mm.; eyepiece, 4 X ; extension of camera, 80 cm.; 
reduced from a magnification of 150: 1. 


and calcification of the dentin in molars, it can be said that after twenty- 
seven days the calcified area, as well as the predentinal layer, is much 


wider, with a consequent narrowing of the pulp. 
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The presentation of more pictures of molar teeth is unnecessary 
since all specimens from animals on the diet for a period longer than i 
twenty-seven days showed results similar to those that appear in fig- 
ure 17. This seems to indicate that the molars stop growing in rats 
at about the fiftieth day of life. 








Fig. 16.—Molar of rat that had been on rachitic diet 3143 (McCollum) for 
seven days: r, limit of normal formation of bone; s, osteoid tissue. The speci- 
men (1206 B) was embedded in a collodion preparation and stained with hema- 
toxylin-eosin; Leitz objective, 1b; eyepiece, 8 X ; extension of camera, 62.5 cm.; 
reduced from a magnification of 86: 1. 
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Fig. 17.—Molar of rat that had been on rachitic diet 3143 (McCollum) for 


twenty-seven days: r, limit of normal formation of bone; s, osteoid tissue. The 
specimen (1249 B) was embedded in a collodion preparation and stained with hema- 


toxylin-eosin ; Leitz objective, 1 b; eyepiece, 8 X ; extension of camera, 62.5 cm.; 


reduced from a magnification of 86: 1. 
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COMMENT 

That rickets retards the eruption of teeth and interferes with their 
development is widely recognized. The conception that hypoplasia of 
enamel occurs only on a rachitic base is no longer tenable (Fleisch- 
mann‘). However, notwithstanding the many publications on the sub- 
ject, the histogenesis of hypoplasia of enamel is still a subject of 
controversy.” 

On account of the similarity in origin and development between bone 
and dentin, we should expect in experimental rickets to find in dentin 
changes similar to those in bone. It has been shown that there is a 
disturbance, or lack of deposition of lime, in dentin, while the matrix 
is formed normally. Little has been written concerning the role of 
the odontoblasts and the local causes of faulty calcification in rickets. 

In order to understand pathologic features in the formation of 
dentin, it seems pertinent to review the process of its calcification under 
normal conditions and the role of the odontoblasts in this process. In 
this way we shall assemble better our knowledge and ideas concerning 
the clinical and histologic picture of the pulp and of the dentin in rickets. 

Orban * gives a concise summary of what is known regarding the 
formation of predentin and of the origin and chemical nature of von 
Korff’s fibers. According to him, these originate in the pulp tissue 
and by a chemical transformation are changed from argyrophil to colla- 
genous fibers. 

It seems to be the general conception that the odontoblasts take 
part in the formation of the matrix by the secretion of the interfibrillar 
substance (cementing or ground substance). This organic matrix grad- 
ually calcifies from the periphery toward the pulp. It is pierced by 
parallel tubules that extend from the pulp to the outer border of the 
dentin and contain prolongations of the protoplasm of the odontoblasts 
(Tomes’ processes). Calcification begins around these processes in the 
form of spherical masses, calcospherites, which gradually fuse, forming 
a solid mass, 

As to the exact mode and channels of secretion of the lime salts 
10 


in dentin, Mummery *° stated: 


7. Fleischmann, L.: Arch. f. mikr. Anat. u. Entwcklngsgesch. 68:297, 1906; 
Verhandl. d. 5 Internat. zahnarztl. Kong., Berlin, 1909. 

8. This question will be discussed in a later paper on the basis of this 
material, 

9. Orban, B.: Dental Histology and Embryology, ed. 2, Philadelphia, P. 
Blakiston’s Son & Company, 1929; J. Am. Dent. A. 9:1547, 1929. 

10. Mummery, J. H.: The Microscopic and General Anatomy of the Teeth, 
ed. 2, Oxford Medical Publications, New York, Oxford University Press, 1924; 
Phil. Tr. Roy. Soc. Med. 182:527, 1891. 
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: We know that the deposit takes place not in direct contact with the odonto- 
. blasts, but gradually advances from above upon the odontogenetic zone. This 
would suggest that the lime salts pass by dialysis from the tubes of the dentin, 
containing the protoplasmic prolongation of the secretory odontoblast cell, into 
the dentinal matrix, and the minute subdivisions of the tubes with their proto- 
plasmic contents would afford a very efficient means of distribution of the calcify- 
ing substance within the matrix. It is difficult to explain the deposit of the lime 
salts at a distance from the odontoblastic cell itself, unless we consider that the 
dentinal fibril which is an extension of the cell itself takes an active part. 





Erdheim,'* in his classic publication describing the teeth of rats 
after extirpation of the parathyroids, expressed himself fully about the 
changes in dentin. From his work it can be seen that the environment 
of the dentinal tubules is the most active area of the deposition of lime. 
It is here that deposition begins and it is here that lime remains most 
highly concentrated. The proximity of Tomes’ fibrils seems to have 
an influence on the process of calcification. One gains the impression 
that the odontoblast takes care of the importation of lime. In this they 
act in direct contrast to the blood capillaries, which occasionally extend 
far into the dentin. Around such vessels calcification does not take 
place. The chemism of the odontoblast, with its prolongation into the 
tubule, is without doubt, exactly opposite to that of the blood capillaries. 
If the odontoblast controls the importation of lime, in the last analysis 
it obtains the salts from the blood; but the direct presence of blood 
does not permit calcification ; rather it hinders this. 



















The deposition in direct proximity to the dentinal tubules reminds 
one of the homologous conditions in bone. Pommer '* described thor- 
oughly a similar action of the deposition of lime in relation to the 

. direct environment of the canals in bone. The conditions near areas 
of active circulation are unfavorable for the deposition of lime. Only 
at some distance, where the circulation is slower, are conditions favor- 
able for calcification (Kassowitz’* and Pommer'!*). This is true of 
dentin, as well as of bone. Because of the high vascularity of the pulp 
and of the odontoblastic layer, the zone of dentin nearest the pulp 
remains free from calcium under normal conditions. Only at some 
distance from the odontoblastic layer does the dentin calcify. By growth 
4 in length, as well as in breadth, the dentinal layers are removed suffi- 
| ciently from the region of active circulation and thus calcify. 





11. Erdheim (footnote 5, first reference). 


12. Pommer, G.: Untersuchungen iiber Osteomalazie und Rachitis, Leipzig, 


F. C. W. Vogel, 1885. 
13. Kassowitz, M.: Med. Jahrb., 1879, p. 145. 
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The rdle of the odontoblasts in this process, as Mummery '’ men- 
tioned, has not been definitely determined. In discussing the observa- 
tions of this author, Tomes '* stated: 

If the dentin matrix is formed in a connective tissue basis, it becomes a question 
of what share the odontoblasts take in the process. It may be taken as certain 
that the odontoblast is concerned in the development of the dentinal tubes . . . by 
its process, . . . and it seems as if the same odontoblast forms the whole length 
of the fibril, itself receding backward as the dentin grows. It becomes doubtful 
if the odontoblasts alone are concerned in elaborating the calcifying material, .. . 
it (is) probable that they are active agents in the development of the dentin 
and it is certainly known that the dentinal tubules are not formed in their absence. 


In other words little has been proved as to the role of the odonto- 
blasts in the formation of predentin or as to their function in calcification. 

Orban," in his recent article on the development of dentin, quoted 
the following statement from Jasswoin,'* “The odontoblasts already 
developed do not produce fibers but may play a role in the metabolism 
of the dentin and probably in its calcification.” 

Orban himself said: “The interfibrillar or cementing substance is 
most probably the product of the odontoblasts and also other pulp cells.” 

Von Korff '* thus expressed his ideas: 

The ivory cells, according to my findings, do not take part in the formation 
of the ivory ground substance; but they are in such close contact with it that an 
important function is revealed. This consists in supplying the dentinal layer 
which is becoming thicker and more densely calcified, with nutritional channels. 
This is done apparently by developing an increasing number of tooth fibers with 
ramifying branches. By this rich ramification of fibers, and the dentinal tubules 
which develop with them, and remain in constant communication with the pulp 
cavity, an open pipe system is made for the transmission of nutritional fluid. 


Summarizing, we may say that, according to present knowledge, the 
calcification of the ground substance of dentin most probably takes 
place through the dentinal tubules, or, better, through Tomes’ processes 
(Mummery,’® Tomes,® Orban*). The function of the odontoblasts in 
the formation of dentin matrix consists in forming dentinal tubules and 
probably in producing the interfibrillar or cementing substance. A 
definite proof of these points thus far has not been given. It seems 
pertinent at this point also to review briefly the ideas of various authors 
concerning the modus of pathologic changes in the dentin. 

Fleischmann‘ was one of the first to study rachitic changes in den- 
tin. Starting with the normal calcification of dentit, in which the for- 
mation of the matrix and its calcification are parallel, so that the width 


13a. Tomes, C. S.: A Manual of Dental Anatomy, ed. 7, Philadelphia, P. 
Blakiston’s Son & Company, 1914, p. 195. 

14. Jasswoin, G.: Arch. f. mikr. Anat. u. EntwckIngsmechn. 102:291, 1924. 

15. von Korff, K.: Ergebn. d. Anat. u. Entwcklngsgesch. 17:247. 1907: 
Arch. f. mikr. Anat. 67:1, 1905; Anat. Anz. 64:383, 1928. 
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of the uncalcified zone (predentin) is nearly always constant, he 
described his histologic observations in rachitic teeth. Here the calcifica- 
tion no longer runs parallel with the formation of the matrix. This 
4 results in an enlargement of the uncalcified zone, which is wider where 
growth is most active. Where growth has been completed, as at the 


























tip of the incisor tooth, the calcification continues, and one finds a pre- 
dentinal layer of normal width. Of course, one finds a return to normal 
conditions when the rachitic process has been overcome. 

In rickets the globules of lime are essentially smaller and are not 
deposited as densely. As a result, large numbers of small interglobular 
; spaces occur. It is emphasized by Fleischmann, that in rickets one is 
dealing with a disturbance of the calcification of dentin parallel with the 

normal function of the dentinal ground substance and without any 
influence on the odontoblastic layer. He confirmed these observations 
also in the teeth of rats after parathyroidectomy. 
The observation that the odontoblastic layer remains intact during 
the formation of dentin has been confirmed by Siegmund and Weber.'* 
However, they described severe cases, which showed an involvement 
E reaching the stage of complete degeneration of the odontoblastic layer. 
Toyofuku '* reported that after parathyroidectomy in rats the odonto- 
blasts undergo severe changes parallel with the dentin. The cells become 
atrophied, and their epithelial-like arrangement is greatly disturbed. In 
those areas where capillaries and even pulp tissue grow into the dentin, 
the line of the odontoblasts is completely interrupted, or at least the cells 
cannot be recognized as odontoblasts. 
Euler and Meyer '* said: 




























In dentin the formation 





of dentinoid tissue is continued for a time after 
calcification has ceased. When the dentinoid is no longer calcified the differentia- 


tion of the odontoblasts is lost and with this the formation of new matrix. 





: This leads us to ask the question: Does the degeneration or atrophy 
of the odontoblastic layer (Siegmund and Weber,'® Toyofuku ') occur 
as the result of the systemic disorder (avitaminosis), or does the differ- 
entiation of the odontoblasts, and with it the new formation of the 
ground substance, stop because the calcification of the matrix ceases? 

In discussing the changes induced in the dentinal layer of our own 
animals, we must differentiate between the several pathologic stages, all 
of which increase in severity during the course of the experiment. 

Primarily there is a distinct increase in the width of the predentinal 
layer seen after seven days (fig. 1), which indicates that calcification no 

16. Siegmund, H., and Weber, R.: 
Leipzig, S. Hirzel, 1926. 

17. Toyofuku, T.: Frankfurt. Ztschr. f. path. Anat. 7:2, 1911. 


18. Euler, H., and Meyer, W.: Pathohistologie der Zahne, Munich, J. F. 
Bergmann, 1927. 


Pathologische Histologie der Mundhdohle, 
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longer parallels the formation of the matrix. The primary zone of cal- 
cification is distinctly marked off from the irregular zone formed during 
the experiment. This is clearly shown in all sections. The width of the 
globular, insufficiently calcified layer is almost the same in all specimens. 
This proves that in all animals the precipitation of lime salts stopped 
after a short period on the deficient diet. The changes in the odonto- 
blastic layer are of great importance in explaining these observations. 

As early as fourteen days (fig. 2) atrophic changes occur in the 
odontoblasts. These changes become more pronounced as the experi- 
ment continues. 

After twenty-one days (fig. 3) larger areas of the odontoblastic layer 
have degenerated, and paralleling these calcification has stopped. This 
can be observed even more clearly in figures 7, 8 and 9, taken after 
twenty-eight days. It is important to note in these pictures that the 
structure of the predentinal layer is normal. 

However, a different picture is seen in some other animals, although 
they have been on the diet for the same length of time. As figures 4, 
5 and 6 show, marked pathologic changes in the structure of the dentinal 
matrix are found accompanying the atrophy of the odontoblasts. Here 
some vessels are included in the matrix, which seems to indicate that 
occasionally certain odontoblasts have not functioned properly. These 
degenerative changes are seen to be especially pronounced in figure 6; 
the odontoblastic layer can hardly be recognized. This is accompanied 
by marked changes in the matrix and the inclusion of innumerable 
blood vessels, a process that can be explained by the failure of the 
odontoblasts to form cementing substance and Tomes’ fibers ; a space is 
thus created in which the capillaries are left, being enclosed by the con- 
tinued formation and cementing of the matrix on either side under the 
influence of active cells. These inclusions are possible only because the 
odontoblasts discontinue their activity in these places. Figures 4, 5 
and 6 show the odontoblasts to be uniformly involved, and cells or 
groups of cells with definite vitality, as seen in figures 7, 8 and 9, are 
no longer seen. 

In comparing these six pictures it is apparent that animals on the 
diet for approximately the same length of time can show marked differ- 
ences in structure and in degenerative changes. These observations 
indicate that the involvement of the odontoblasts shown in figures 4, 
5 and 6 must have been more severe and must have taken a much more 
rapid course than that shown in figure 7, for instance, in which groups 
of cells still show vitality. These variations probably depend on con- 
stitutional differences in the individual animals. 

Whereas the inclusion of blood vessels was found occasionally in 
animals that had been on the diet for twenty-eight days, this condition 
was met with regularly in the group that had been on the diet for forty- 
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two days. In other words, if the destructive action of the deficient diet 
is allowed to act over a sufficient length of time, forty-two days or 
: longer, and the animal does not die, the odontoblastic layer undergoes 
a progressive degeneration beginning at many points. This produces 
the typical picture of vital and nonvital cells (figs. 7, 8 and 9), until 
complete degeneration has taken place as shown in figures 14 and 15. 
If the blood vessels do not all degenerate simultaneously, they 
become enclosed. If the diet leads to an early irregular, but complete, 
elimination of certain odontoblasts, owing to lack of resistance, capillaries 
may be found included as early as twenty-seven or twenty-eight days. 
Summarizing, we may state that in the experiment with diet 3143, 
the odontoblasts suffer severely in vitality, so that their activity grad- 
ually decreases until they are completely atrophied. 
It has been stated that when the activity of the odontoblasts ceases, 
: the calcification of the corresponding matrix also stops. This proves 
that the calcification of the dentinal matrix depends on the activity of 
the odontoblasts. 

In comparing figures 4 and 5, we may conclude from the width of 
the predentinal layer and the zone of faulty calcification, that in the 
incisal portion (fig. 4) the odontoblasts remained vital for a longer 
period of time. This seems to answer the question asked in the first 
portion of this paper: Is the degeneration of the odontoblasts the expres- 
sion of lack of available lime salts and of consequent atrophy because 
of inactivity, or are the odontoblasts primarily damaged and so incapable 
of functioning even in the presence of sufficient lime salts? 

The photomicrographs show clearly that in experimental rickets one 
is dealing with a primary involvement of the odontoblasts. This involve- 
ment is not the result of a lack of available lime salts, but is due rather 
to a deficiency of vitamin D. Furthermore one can see that in the 
incisal portion calcification was still going on after it had ceased nearer 
the apex. This shows that lime salts were available in the blood. If 
one considers that the circulation in the apical region is greater, the 
failure of calcification in this area can be explained only on the basis 
of a lack of some substance in the cells that enables them to utilize the 
lime salts. The incisal odontoblasts are older and were formed earlier 
than those nearer the apex. The older cells probably have a larger reserve 
of vitamin D, which enables them to remain active after the younger 
cells have ceased to function. Also some cells in the apical areas, as in 
figures 7 and 8, are active in the deposition of lime salts, which further 
proves that these salts are present in available form. If groups of 
cells degenerate, lack of calcium is not responsible, but rather the 
exhaustion of cellular vitamin with no replacement from the diet. The 
cells atrophy, and calcification ceases. 
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According to our observations, this primary degeneration takes place 
in the odontoblasts of all animals that have been on this diet fourteen 
days or longer. Because of the similarity in origin and function of the 
odontoblasts and the osteoblasts, it would seem that the changes in for- 
mation of bone (osteoid margins and other structural irregularities) are 
parallel to the observed changes in dentin. In other words, the patho- 
logic changes of the bones in rickets are due to a primary degeneration 
of the osteoblasts. We believe this involvement to be due to the lack 
of vitamin D. This directly affects the vitality of these cells and seems 
to prevent them from utilizing the hme salts, thus stopping calcification. 

The degeneration can occur uniformly throughout the pulp; how- 
ever, it generally begins near the apical portion and proceeds toward 
the incisal portion (figs. 4 and 5). In most cases it occurs in groups 
which seem to develop progressively. The mountain-like points of cal- 
cification shown in figures 7, 8 and 9 illustrate this. Finally it ends in 
a complete and uniform degeneration of the whole layer. If single 
cells are exhausted early and others continue active, the described inclu- 
sion of blood vessels occurs. 

Furthermore, from these observations the conclusion may be drawn 
that the odontoblasts are the chief factors in the development of the den- 
tin. They form Tomes’ fibrils, which serve to transport the calcifying 
material, and by the deposition of cementing substance in connection 
with von Korff’s fibers, they form the homogeneous matrix, bordered by 
a layer of very fine capillaries. Any disturbance in the odontoblastic 
layer during development leads to alteration in the formation of the 
matrix, as well as in its calcification. 

Our material shows conclusively that the cementing substance is 
produced by the odontoblasts. 

As stated before, the degeneration of the odontoblasts in the incisal 
area occurs later than nearer the apex. In figures 12 and 13 it can be 
seen that the incisal cells regenerate more rapidly. Zone b represents 
new, homogeneous calcification superimposed on an area of irregular 
deposition. This is found first in the incisal portion. Inclosed blood 
vessels in the incisal show that severe, if not complete, degeneration of 
the odontoblasts occurred. The recurrence of calcification indicates that 
the atrophic odontoblasts have renewed their activity. 

Extensive experiments in this direction would possibly produce inter- 
esting results which might be of great value in treating patients with 
dental conditions arising from rickets. 


CONCLUSIONS 
A rachitic diet (McCollum’s, 3143) produces marked pathologic 


changes in the dentin if the diet is maintained during the development 
of the teeth. 
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These changes increase in extent and severity as the period of the 
diet is prolonged. 

The changes induced are analogous to those produced in the long 
bones under the same-dietary conditions. 

In the early stages the changes consist of a diminution in the amount 
of calcium salts deposited, even after such a short period as seven days ; 
a change in the type of calcification, from a homogeneous to an irregular, 
globular type; the continued formation of dentinoid matrix, which 
appears to widen as a result of the slowing down of the calcification. 

Atrophy of the odontoblasts appears after about fourteen days, 
increasing in severity as the feeding experiment progresses. This is 
found first in the most recently formed cells, spreading slowly to the 
older odontoblasts. Since the diet is deficient only in vitamin D, it is 
believed that this primary atrophy of odontoblasts develops when all 
the cellular vitamin D is utilized. 

Because of the similarity in function of odontoblasts and osteoblasts, 
it would seem that the changes in bones in rickets are probably due to 
a primary involvement of the osteoblasts. 

Certain marked changes result from the odontoblastic atrophy; 
complete arrest of calcification in contrast with continued deposition of 
lime salts by adjacent vital odontoblasts ; in cases in which single odonto- 
blasts degenerate, no cementing substance is formed, and capillaries 
become included by the continued formation of matrix by the adjacent 
vital cells. 

On the basis of the data presented it is believed that the odonto- 
blasts are chiefly responsible for the formation of dentin. They are 
required to produce the cementing substance which holds von Korff’s 
fibers in place. Their presence is necessary to form Tomes’ processes 
and so give nutrition and calcifying material to the dentin, and further- 
more in order that calcium salts may be deposited and the matrix 
calcified. 














ISOLATED GIANT GROWTH OF A BRANCH OF THE 
PULMONARY ARTERY ASSOCIATED WITH 
CONGENITAL BRONCHIECTASIS 


REPORT OF A_ CASE * 


SOL ROY ROSENTHAL, M.D. 


CHICAGO 


At autopsy in a case of squamous cell carcinoma of the penis, an 
excessive overgrowth of a branch of the left pulmonary artery was 
found. No report of a similar case could be detected in the literature 


on anomalies of the blood vessels or lungs. 


1 


Its significance lies in its substantiation of Huntington’s* theory 


that the postbronchial arterial plexus is the precursor of the pulmonary 
artery. 
REPORT OF CASE 


History.—A white man, 69 years of age, had noticed a rapidly growing tumor 
on the penis for six months. Biopsy revealed a squamous cell carcinoma. Because 
of the absence of metastases, the penis was removed surgically. A _ periurethral 
abscess developed, with generalized septicemia, and the patient died from sepsis 
and bronchopneumonia ten days after the operation. 

In the past history no reference was made to pulmonary symptoms, and 
physical examination of the chest revealed nothing abnormal, except terminally, 
when bronchopneumonia was manifested. 

Autopsy.—On postmortem examination (by R. H. Jaffe) metastases were not 
found, but the organs showed severe parenchymatous degeneration as a result of 
the periurethral abscess. 

The heart, aorta and lungs will be described in detail because of their relation 
to the giant artery. 

The heart weighed 310 Gm. (the patient weighed 124 pounds [55.2 Kg.]). The 
wall of the left ventricle measured 12 mm. and that of the right ventricle 3 mm. 
The myocardium was a dirty reddish brown and friable. 

The aorta 1 cm. above the cusps measured 90 mm. and presented small calcified 
plaques above the valve and in the thoracic portion, especially about the openings 
of the intercostal arteries. In the pleural cavities there were focal fibrous adhe- 
sions about the apexes of both lungs. 

The right lung was distended and heavy. The upper and middle lobes were 
crepitant, while the lower lobe was subcrepitant. The surfaces made by cutting 
were deep purplish red and moist with blood and frothy fluid. 

The upper lobe of the left lung was crepitant; the edges were boggy, and the 
surfaces made by cutting were dark gray. In the apex was a deeply anthracotic 
area, 20 mm. by 15 mm., with a light gray caseated center, 2 mm. in diameter. 


* Submitted for publication, Feb. 12, 1931. 

* From the Department of Pathology, Cook County Hospital; Dr. Richard H. 
Jaffe, director. 

1. Huntington, G. S.: Am. J. Anat. 27:99, 1920; Anat. Rec. 17:165, 1919. 
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The lower lobe of the left lung was subcrepitant, except for the posterior and 
lowermost portion, which was noncrepitant. The cut surfaces of the lower lobe 
were deep purplish red. The consolidated area, on sectioning, was dark red, and 
at the upper border of this area was a cavity, 15 by 10 by 10 mm. in diameter, which 
was filled by a thick, honey-like, light-gray mucus and was lined by a light-gray, 
shining membrane. The branch of the pulmonary artery leading to this area was 
rigid and measured 8 mm. in diameter. Because of this peculiarity, the lung was 
cut into many sections perpendicular to the giant artery, so that its relations could 
be studied carefully. 

It was found that this artery originated in the middle of the lower lobe from 
a branch of the pulmonary artery and immediately took a sharp turn of SO degrees 
to course posteriorly, inferiorly and medially. It gradually approached the pos- 
terior surface of the lung and at the diaphragmatic aspect was covered only by 
the visceral pleura of the diaphragmatic and posterior surfaces of the lung. 

The vessel became gradually larger after its bend and 1 cm. below this angle 
measured 8 mm. in diameter; from this point it again became smaller and at 
its subpleural termination was 3 mm, in diameter. The entire length of the artery 
was 6 cm. 

The wall of the vessel was 1.5 mm. thick, and the intima was studded with 
atherosclerotic plaques. The lumen was occluded by a reddish-gray thrombus. 

The bronchiectatic cavity followed a course similar to that of the artery. 
Cranially, it lay ventral and lateral to the artery. Caudally, it wound about the 
artery anteriorly and assumed an anterior and medial position. 


Microscopic Examination.—The Artery: The wall of the artery in the cranial 
portion (3 mm..in diameter) was slightly hypertrophic and was composed of three 
coats, an intima, a media and an adventitia. The artery lay adjacent to the 
medial and anterior aspect of the bronchus. Extending caudally, the vessel gave 
off several branches that corresponded to the bronchi. These vessels showed a 
structure similar to that of the parent artery. Gradually the vessel became larger 
and passed behind the dilated bronchus, forming an angle of 90 degrees, and 
assumed a position lateral and dorsal to the bronchiectatic channel. Before its 
hend the vessel presented subendothelially a focal area of necrosis, with pus cells, 
which extended into the media. A branch of this vessel showed similar changes. 

At its widest portion (8 mm. in diameter), the vessel was composed of all 
three coats characteristic of an artery. The media was markedly thickened and 
contained an abundance of elastic fibrils; the internal and external elastic mem- 
branes were fairly distinct. The internal elastic membrane was thickened and 
split. The muscle fibers were hypertrophic. The intima showed advanced athero- 
sclerotic changes, as evidenced by large crescentric areas that occupied from one 
third to one half of the circumference of the vessel and were composed of fatty 
acid crystals, débris and calcific deposits. At one point, continuity of the intima 
was interrupted, and a thrombus had formed at this site, which filled the entire 
lumen of the vessel. The thrombus was composed of fibrin, leukocytes, mono- 
nuclear cells and red blood corpuscles. The media in the region of this sclerotic 
plaque was thin and edematous. Branches leading from this portion of the vessel 
showed similar changes, many being obliterated by thrombi. 

The terminal portion of the vessel extended to beneath the pleura and consti- 
tuted about one half of the cross-sectioned area of the lung at this point. Its 
most distal portion ended as a blind pouch with collapsed walls. The latter was 
almost entirely replaced by fibrous tissue and beneath the pleura was lost in dense 
connective tissue hands. 
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Fig. 1.—Cross-sections of the giant artery and the bronchiectasis: A., portion nearest 

e hilus of the lung; O., blind subpleural termination of the artery. The sections are ‘a 
ranged in order; about three-fourths natural size. i 
z 
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Veins: About the cranial portion of the artery, the veins were found on the 
posterior and lateral aspect of the bronchi, being histologically unchanged. With 
the appearance of the giant artery, no corresponding vein could be found. There 
were numerous smaller veins that accompanied the smaller bronchi and arteries. 
These, too, showed no abnormal changes. 

Bronchi and Bronchioles: In the region of the cranial portion of the giant 
artery, the bronchi and bronchioles were markedly distended, and their walls were 
thin. The epithelial lining was cuboidal. The mucosae were intact. The walls 
were composed mainly of connective tissue and a few muscle and elastic fibers. 
The lumina were filled with a homogeneous substance staining pale blue (hemalum 
and eosin). 

There was a slight amount of fibrous tissue surrounding the bronchi, but 
cellular infiltration was not present. 


Fig. 2.—Schematic drawing showing relationship of the artery and the bronchi- 
ectasis. The heavy line outlines the artery; the fine line, the bronchus. 


Caudally, several bronchiectatic cavities, each of which measured 10 mm. in 
diameter, seemed to have fused. Only one artery and vein accompanied these 
cavities ; hence the latter represented numerous sacculations of one bronchus. 

This dilated bronchus extended anteriorly and medially, above the artery in 
the form of a continuous dilated tube with fusiform swellings. The wall had 
become somewhat thickened as a result of an increase in fibrous tissue. The 
epithelium lining the mucosa became high cuboidal, and under oil immersion 
cilia were seen. A few glands were scattered beneath the mucosa. No evidence 
of cartilage was noted. 

The bronchus gave issue to several branches along its course, which showed a 
similar histologic structure. 

The alveoli about the cranial aspect of the artery were thin-walled and dilated, 
and many were filled with blood. In the region of the giant artery and the 
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bronchiectatic cavity the alveoli were somewhat compressed. As the terminal 


portion of the artery was approached, there was a gradual diminution in the num- 


ber of alveoli; their walls here were collapsed and thickened. At the termination 


of the blood vessel, the alveoli disappeared and were replaced by dense fibrous 


25 an 


Fig. 3.—Wall of the giant artery showing its three coats. Note the internal 


elastic membrane and the thick media rich in elastic fibers; elastica stain; * 25. 


tissue with large vacuoles resembling fat cells. Numerous widely dilated capil- 
laries were scattered throughout this portion of the lung. Coal pigment, which 
was abundant in other parts of the lung, was practically absent in this area. 
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Anatomic Diagnosis —The anatomic diagnosis was: periurethral abscess follow- 
ing amputation of the penis for an ulcerated squamous cell carcinoma; marked 
distention of the urinary bladder, with trabeculation and suppurative catarrhal 
cystitis ; hypostatic pneumonia in both lower pulmonary lobes; giant artery of the 





Fig. 4.—Bronchiectasis; van Gieson’s stain; reduced from 25. 


left lower pulmonary lobe, with severe sclerosis and thrombosis, accompanying 
saccular bronchiectasis; severe parenchymatous degeneration of the myocardium, 
liver and kidneys; acute septic tumor of the spleen; moderate atherosclerosis of 
the aorta and coronary arteries, and circumscribed fibrous adhesions about the 
apexes of both lungs. 
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SUMMARY OF CASE 
From a histologic standpoint the giant vessel described appeared 
to resemble a mature hypertrophic artery. The atherosclerotic changes, 
however, were marked, much more so than in the aorta or in the 
medium-sized blood vessels. 


The giant artery originated from a pulmonary artery, 3 mm, in 


diameter, in the substance of the lung and terminated blindly in the 


subpleural region. The relation of this vessel to a corresponding 
bronchus was dorsal and lateral, a condition normally present in the 
lung (Miller *). 

The bronchus corresponding to the giant vessel was the seat of 
a bronchiectasis which began with the origin of the artery, but which 
terminated 1 cm. proximal to the termination of the vessel. The 
branches issuing from the bronchus were similarly dilated. The wall 
of the bronchus was thin and contained no cartilage. The lining 
epithelium was high, cuboidal and ciliated. Several mucous glands 
were found in the submucosa. 

The alveoli in the region of the origin of the artery were of normal 
histologic appearance, but became collapsed as the termination of the 
vessel was approached, finally being completely replaced by fibrous 
and fatty tissue. The absence of anthracosis and of inflammation in 
this portion of the lung was notable. 


PATHOGENESIS 

As to the origin of the giant artery, many possibilities present them- 
selves. 

Hypertrophic arteries may be found in chronic inflammatory tissue, 
but the absence of inflammation and the huge dimensions of the vessel 
speak against this mode of origin. 

Vicarious hypertrophy and hyperplasia of an artery may develop if 
collateral channels are taxed as a result of an increased demand for 
function of a part. No such demands were made in this case; there 
was a decrease rather than an increase in function. 

The possibility of this vessel’s being a bronchial one, originating 
from the aorta or from one of the intercostal arteries which became 
severed from its source, is also improbable, as this vessel accompanied 
a bronchus, after the manner of a pulmonary vessel, and finally com- 
municated, by a branch 3 mm. long, with the pulmonary artery. The 


2. Miller, W. S.: Arch. f. Anat. Entweklngsgesch., 1900, p. 157; Am. Rev. 
Tuberc, 2:659, 1918-1919. 
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latter factor would not disprove its being a bronchial artery, as held 
by Nicolas,* although Miller * denied the existence of anastomosis. 

The exclusion of the aforementioned factors leaves only one possi- 
bility, that of a congenital anomaly. 

As a result of the work of His* and Zimmermann,’ the pulmonary 
arteries have been described as originating from the ventral portion 
of the sixth arterial arch of each side and descending as a complete 
and continuous vessel to supply the lung. If this vessel were to undergo 
a congenital hyperplasia, it would be expected to include the entire 
vessel, or the proximal portion more likely than the distal one, contrary 
to the condition that was present in the reported case. 

More recently (1919), however, Huntington,’ in studying the devel- 
opment of the pulmonary artery in the cat (embryos measuring from 
4 mm. to 6 mm. from crown to rump) found that the methods pre- 
viously described were erroneous. His conclusions were that the pul- 
monary artery develops independently of the sixth arch by the 
differentiation of a distinct arterial channel in the ventral portion of 
the postbronchial pulmonary plexus. The latter is derived from a 
series of irregular channels (seventh to twelfth dorsal aortic branches ) 
which open into the dorsal aorta. The sixth arch serves merely as 
the point of junction at which, after coalescence with the pulmonary 
plexus, the blood is carried from the ventral segment of the sixth 
arch to this prepared channel of the pulmonary artery. 

With this conception as to the origin of the pulmonary artery, the 
case reported can more readily be explained, in that a congenital mal- 
formation of a segment of this postbronchial pulmonary plexus might 
lead to a giant artery of a distal branch of the pulmonary artery. 

Conydon,® however, in studying human embryos of the same size, 
failed to find a double primordium from the pulmonary artery, although 
Ingalls,’ in a human embryo, measuring 4.9 mm., succeeded in doing so. 

Indeed, from ontogenic considerations, the work of Huntington ? 
is substantiated. Thus Simpson * described two cases in human beings 
in which lobes of the lung were supplied by branches of the aorta, 


and Paul" described two similar cases. In one of these cases, he 
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injected a thin barium sulphate paste into the vessels and was able to 
demonstrate a direct communication between the anomalous vessel and 
the pulmonary artery. 

These authors did not offer sufficient explanations for the presence 
of these anomalous arteries, but it is most likely that they are per- 
sistent branches of the postbronchial plexus, which had failed to 
separate from the dorsal aorta. 

In the reported case, a similar condition existed, except that a 
severance from the dorsal aorta occurred, perhaps at a late stage, 
after full development of the artery. 

The close proximity between the giant artery and the bronchus is 
evidence that the former was in some way responsible for the bronchi- 


ectasis. The mechanism of the formation of the bronchiectasis may 


be explained in one of three ways: 

First. the large vessel may have compressed the proximal portion 
of the bronchus, with the result that there was a retention of secretion 
with a dilatation of the bronchus. At no place could such a relationship 
be found, although a honey-like, grayish-white secretion was present 
in the bronchus. 

Second, the constant pressure of the large vessel may have stimu- 
lated growth of the larger bronchi in the form of a true tumor ( fetal 
bronchial adenoma of Stérk '® and also Hondo '') or asa focal or univer- 
sal bronchiectasis (Grawitz,'* Meyer '*). In such instances the cartilage 
proliferates, and the alveoli remain fetal or do not develop at all. These 
possibilities were excluded in that the alveoli were present and fully 
matured. They decreased in number and finally disappeared in that 
portion of the lung where the area of the vessel was greater than that 
of the remaining lung parenchyma. Then, the histologic picture of 
the bronchus was that of hypoplasia rather than that of proliferation. 
The walls were thin, with a marked decrease in the amount of elastic 
and muscle fibers; the epithelium lining the mucosa was composed 


of a single layer of ciliated cuboidal cells, and cartilage was absent. 
The third and most plausible possibility is that with the establishment 
of the pulmonary circulation the pressure exerted by the giant artery 
caused a collapse of the surrounding alveoli. With the inspiration of 
air, the bronchus leading to this part was inflated, but the cushion-like 
uniform counteraction of the alveoli was absent, so that a dilatation 
of the bronchus occurred. This process, continuing over many years, 


10. St6rk, O.: Wien. klin. Wehnschr. 10:25, 1897. 

11. Hondo, T.: Centralbl. f. allg. Path. u. path. Anat. 15:129, 1904. 
12. Grawitz, Paul: Virchows Arch. f. path. Anat. 82:217, 1880. 

13. Meyer, H.: Virchows Arch. f. path. Anat. 16:78, 1859. 
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led to a stretching and rupture of the elastic and muscle fibers and 
their replacement by fibrous tissue. 

The collapse of the alveoli was followed by a thickening of their 
walls and replacement by fibrous tissue. That this collapse occurred 
at birth is borne out by the absence of coal pigment. 
































Inflammation as a possible factor for the bronchiectasis is excluded 
by the presence of an intact mucosa with ciliated epithelium and the 
absence of pleural adhesions about this portion of the lung. 

: The explanation of the marked atherosclerotic changes in the giant 
q artery may be based on an exaggeration of the sclerotic process present 
; in the other large and medium-sized arteries. That this vessel suffered 
more than the others is. perhaps due to its blind termination, which 
increased the peripheral resistance and augmented the physiologic 
degenerative processes (Rosenthal '*). 

The thrombus in the vessel was recent and formed after the generali- 
? zation of the infection. The factors responsible for the thrombus 
| were: a colloidal, chemical or physical alteration of the blood as a 
result of the sepsis (Dietrich**); a sluggish circulation because of 
b, the marked parenchymatous degeneration of the myocardium; a locali- 
zation in this artery as a result of the severe atherosclerotic change: 
and rupture of the intima (Rosenthal '*). 


SUM MARY 





‘There is described a giant artery of the left lower pulmonary lobe 
that communicated with the pulmonary artery and terminated blindly 
in the subpleural region. The histologic picture was that of a hyper- 
trophic artery with advanced sclerotic changes. 

The giant vessel was: determined to have originated in a persistent 
branch of the postbronchial arterial plexus. Its congenital origin was 
emphasized by its retainment of pronounced arterial characteristics in 
adult life. 

An accompanying bronchiectasis resulted from the pressure exerted 
by the artery on the surrounding alveoli, which compressed them and 
caused ectasia of the bronchus due to lack of opposition. 










14. Rosenthal, S. R.: Sclerosis of the Pulmonary Artery and Arterioles: A 
Clinical Pathological Entity, Arch. Path. 10:717, 1930; Thrombosis and Embolism, 
J. Lab. & Clin. Med. 16:107, 1930. 

15. Dietrich, A.: Die Thrombose nach Kriegsverletzungen, Jena, Gustav 
Fischer, 1920. 







GENERALIZED ACTINOMYCOSIS (PYEMIC FORM) 


REPORT OF A CASE* 


PHILLIP F. SHAPIRO, M.D. 


CHICAGO 


The lesions of actinomycosis have been described as occurring in 


almost every organ of the body. The process spreads from any one of 


a number of possible primary foci of infection, usually by direct 
continuity. It restricts itself to no anatomic boundaries, but erodes 
anything within its path. If not extending by direct continuity, how- 
ever, the organisms seem to travel almost entirely by way of the blood 
stream ( Nathan’). 

Rarely are lymphatic channels used. Lymph nodes are generally 
avoided. Only the perineural lymphatics are sometimes involved in 
metastases to the brain and spinal cord (Werthemann*). The lesions 
are themselves very vascular. They have a special affinity for blood 
vessels, and break freely into all those that they meet. The organisms 
are difficult to cultivate from the blood stream during life, but Shrews- 
bury * once did so successfully. The following case of pyemic actino- 
mycosis demonstrated the predilection of the process for hematogenous 
spread. 

REPORT OF A CASE 

Clinical History—A coiored man, a laborer, 45 years old, with no special occu- 
pational exposure, was admitted to the hospital with a chronic, progressive cough 
of seven weeks’ duration. It was productive of much yellowish-white, foul sputum 
streaked with blood. He had frequent night sweats. He complained also of a 
pain in the right side of the chest and of a constant “misery” just under the right 
shoulder blade. There was marked weakness in the left hand and numbness in 
the right. 

His temperature was hectic, with daily variations from 99 to 104 F. He had 
many carious teeth. Over the right upper pulmonary lobe, there were impaired 
resonance, increased tactile fremitus and diminished breath sounds. The left lung 
was clear. The x-ray picture showed a dense infiltration in the upper third of the 
right pulmonary field. Just to the right of the spinal column, close to the inferior 
angle of the right scapula, there was a bulging, tender, nonpulsatile, slightly fluctu- 
ant mass. On aspiration, a thick purulent, foul material was obtained. Repeated 


* Submitted for publication, March 3, 1931. 

*From the Department of Pathology of the Cook County Hospital. 
1. Nathan, H.: Klin. Wehnschr. 33:1543, 1930. 

2. Werthemann, A.: Virchows Arch. f. path. Anat, 255:7 and 9, 1925. 
3. Shrewsbury, F.: M. Rev. 3:372, 1928. 
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cultivations of it gave no growth. Smears showed degenerated polymorphonuclear 
leukocytes and degenerated cocci, but no definite organisms. 
The clinical diagnosis was empyema necessitatis with pulmonary tuberculosis. 
Examination of the sputum for tubercle bacilli repeatedly gave negative results. 
Three days after incision of the abscess mass, the patient suddenly suffered two 
attacks of clonic S$pasm involving the left arm and the left side of the head. A 
diagnosis of secondary abscess of the brain was considered. In the course of the 
4 next four weeks, numerous metastatic abscesses appeared in the subcutaneous tis- 
4 sues of the left forearm, the left hip, the right leg, the chest, the back and the 
abdominal. wall. Then for the first time, and only because of the unabating per- 
F sistence of the pyemic spread, was the possibility of actinomycosis considered. 
ig Necropsy (by Dr. R. H. Jaffe).—In addition to the subcutaneous abscesses 
described, there were small abscesses in and about the thyroid gland, in the left 
4 side of the dome of the diaphragm, in the liver, in the left kidney and in the 
a anterior wall of the left cardiac ventricle. Pus-filled polypoid masses projected 
: from between the papillary muscles of the mitral cusps. Between the upper pole 
of the right kidney and the inferior aspect of the liver, there was a cavity, 9 cm. 
in diameter, filled with thick, light yellow pus. The upper pole of the kidney was 
entirely replaced by discrete and confluent cortical abscesses, which extended into 
the medulla. The right renal vein was occluded by a light yellow-gray, adherent 
blood clot, which was centrally liquefied. 
F; The pleural cavity on the right side was obliterated by dense, fibrous adhesions. 
a Near the apex there was a plum-sized, pus-filled cavity which communicated by a 
& descending sinus with the right interscapular abscess described. The upper part 
i of the right pulmonary lobe was firm, and surfaces made by section were dark 
gray, with fine, yellowish-white lines radiating about small, dilated bronchi, which 
contained thick, yellow pus. The lymph nodes at the bifurcation of the trachea 
: were but slightly enlarged. 
i In the galea aponeurotica there were two abscesses that covered irregular 
defects in the skull and were filled with pus. The sphenoid bone also contained 
irregular, pus-filled cavities. In the sagittal sinus, a purplish-gray, partly liquefied 
thrombus was adherent to the wall. 
4 The subdural and subarachnoidal spaces over the right cerebral hemisphere 
were filled by thick, light yellowish-green pus. In the right parietal lobe, involv- 
ing the medulla and part of the cortex, there was an irregular cavity, 3.5 by 4 
by 2.5 cm., filled by thick, yellow pus. 

























Microscopic Examination.—In the areas of carnification in the upper lobe of 
the right lung, there were numerous small abscesses that seemed to originate from 
the small bronchi. The abscesses were lined by a vascular granulation and filled 
by polymorphonuclear leukocytes and larger, fat-filled mononuclear cells. Embed- 
ded with these cells were numerous clusters of radiating mycelia with club-shaped 
thickenings of their peripheral ends. 

The cerebral abscesses contained many pus cells and large mononuclear cells. 
In the pus, there were single, distinct, ray-shaped clusters and more loosely 
arranged, branched, slender mycelia. About the clusters there was a cloudlike, 
light blue radiating zone (fig. 1). The adjacent tissue was loosened and cellular. 

In the kidney, the large, wedge-shaped area of diffuse suppuration contained 
many typical clusters. The arciform and interlobar veins corresponding to this 
area were filled by pus and numerous star-shaped bodies (fig. 1). 














q Bacterioscopic Examination.—Star-shaped clusters of long, slender and 
branched, gram-positive threads, some with a club-shaped thickening of the free 
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end, were found in smears from the diaphragmatic abscess, the brain, the heart 
and the thyroid gland. 

On Herrold medium under anaerobic conditions a growth of gram-positive, 
slender, branched mycelia was obtained from the diaphragmatic abscess. Pure 
culture failed because of an overgrowth of Proteus vulgaris and cocci. 


Anatomic Diagnosis—The anatomic diagnosis included: chronic indurative- 
suppurative actinomycosis of the right upper pulmonary lobe; generalized actino- 


mycosis (pyemic form) with abscesses in the thyroid gland, myocardium, 


Fig. 1.—Renal actinomycotic thrombophlebitis. The interlobar vein in the right 
kidney is involved in thrombophlebitis with two colonies of actinomycetes in the 
center. Elastica stain was used to show the remaining outlines of the vein, and 
the outline of the accompanying renal artery. Renal tissue is seen above and 
below. Leitz objective; apochromatic lens, 16 mm.; periplanar, 6. 


diaphragm, kidneys, liver, galea aponeurotica, brain and subcutaneous tissues ; 
actinomycotic thrombophlebitis of the right renal vein and sagittal sinus; 
suppurative internal pachymeningitis and suppurative leptomeningitis of the right 
cerebral hemisphere; suppurative osteomyelitis of the occipital, parietal and 
sphenoid bones, and perinephritic abscess of the right side. 
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COM MENT 


Actinomycosis is caused by a branching, filamentous fungus of the 
order Microsphonales and family Nocardiaceae (Castellani and Chal- 
mers,‘ Castellani,» Wolff and Israel*). The genus that is most 
commonly associated with the disease in man is Co/inistreptothrix israeli, 
It is anaerobic and difficult to cultivate. It is not found in nature, 
but has been found in carious teeth of even normal persons, whence 
it may invade its host (Lord,’ Naeslund,* Turner,’ Warwick’). It 
forms characteristic colonies with a central mycelial mass and radiating 
peripheral filaments arranged like the petals of a daisy. 

A few cases are caused by Actinomyces bovis of Bostroem.*' This 
is an aerobic organism, common in nature, but only rarely found in 
carious teeth (see Wright’*). The infection here is directly exog- 
enous. Identical clinical syndromes may occasionally be produced 
by other organisms, such as Actinobacillus lignieresi and even staphy- 
lococci (Magnusson"*). None of these organisms, however, produce 
the typical radiating colonies of Cohnistreptothrix israeli. 


Dresel '* divided the nocardioses into two groups. He restricted 
the term “‘actinomycosis” to infections with the cohnistreptothrix. He 
applied the term “streptothricosis” to all cases caused by the aerobic, 
noncolonizing members of Nocardiaceae, by the actinobacillus or by 
other organisms. According to this classification, the case here 
reported, because of the presence of the characteristic colonies and 
the anaerobic growth, is a true actinomycosis. 


The primary focus of infection is usually in carious teeth (60 per 
cent), but it may be in the lungs (14 per cent) or in the intestines 
(18 per cent) (see Sanford and Magath,’® Zinninger'®). Actino- 
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William Wood & Company, 1919. 

5. Castellani, A.: Fungi and Fungous Diseases, Chicago, Am. Med. Assn., 
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6. Wolff, M., and Israel, J.: Virchows Arch. f. path. Anat. 126:11, 1891. 

7. Lord, F. T.: The Etiology of Actinomycosis: The Presence of Actino- 
mycetes in the Contents of Various Teeth and Tonsillar Crypts of Patients With- 
out Actinomycosis, J. A. M. A. 58:1261, 1910. 

8. Naeslund, C.: Acta path. et microbiol. Scandinav. 2:110, 1925. 

9. Turner, C.: Radiology 7:39, 1926. 

10. Warwick, W. T.: Lancet 2:497, 1923. 

11. Bostroem: Beitr. z. path. Anat. u. z. allg. Path. 9:1, 1891. 

12. Wright, J. H.: J. M. Research 13:349, 1905. 

13. Magnusson, H.: Acta path. et microbiol. Scandinav. 5:170, 1928. 
14. Dresel, E. G.: Beitr. z. path. Anat. u. z. allg. Path. 60:185, 1915. 
15. Sanford, A. H., and Magath, T. B.: Minnesota Med. 5:71, 1922. 
16. Zinninger, M.: China M. J. 43:1092, 1929. 
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mycosis of the lung may be primary, bronchial, arising by inspiration 
or aspiration of infected material through the airway. It may be 
secondary, arising either by direct extension from the head and neck 
or from the abdomen, or by way of the blood stream from some distant 
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Fig. 2—An actinomycotic abscess of the brain is shown, with brain tissue to 
the right and an abscess with a single colony of actinomycetes on the left. Under 
higher power many single mycelial threads could also be seen. Leitz objective; 


apochromatic lens, 16 mm.; periplanar, 6. 


Primary pulmonary infection starts as a simple, actinomycotic, catar- 
It progresses by peribronchial infiltration to form 


rhal bronchitis. 
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chronic bronchopneumonic patches, which are characterized by whatever 
4 is the varying balance between necrosis with formation of cavity and 
the marked tendency to dense perifocal fibrosis (Marko,'’ Koch"). 
Most commonly the process starts in the base of the lung. In this case 
it started in the apex. 


x Pleural extension leads to a serous or richly vascular granulomatous 
reaction, with the formation of encapsulated empyemic cavities (see 
a Chambers,’® Lord,?° Geymueller **). When situated paravertebrally, 
i these abscesses compromise the adjacent cervical and intercostal nerves 
@ and thus give rise, even without involvement of vertebrae or the cord, 
¥ to ipsolateral neurologic symptoms and signs. In this case, the pleural 
d abscess at the apex of the right lung and the perithyroid abscesses had 
produced pain in the right side of the chest and numbness in the right 
arm. The localized empyema finally pointed to the outside and broke 
through. It may, when more closely situated to them, break through 
the diaphragm or into the mediastinum, or even into the heart ( Doyle,”* 
Preston **), 















The typical sulphur granules are readily overlooked in sputum or 
in pus, if certain precautions are not taken. The material must be 
washed by vigorous shaking in sterile distilled water or broth. The 
granules sink to the bottom of the tube, whence they are picked out, 
crushed between slides and stained by the Gram and the Ziehl-Neelsen 
methods. The material should also be grown on dextrose-agar or 
broth, aerobically and anaerobically, to differentiate Cohnistreptothrix 
from the other organisms belonging to Nocardiaceae. Secondary infec- 
i tion in the abscesses rapidly diminishes the chances of demonstrating 
. the mycelia. Biopsy of the granulation tissue in the wall of the 
: abscesses would then prove more successful. 













Wherever it sets up a footing, actinomycosis produces very vascular 
lesions and also induces local thrombophlebitis. The lesions erode and 
break into any available local blood vessel. Dissemination occurs to a 
single organ or to many organs. Wherever they land, the organisms 
set up similar lesions and again attack the local blood vessels, to mul- 
tiply the chances for spread. 

Hematogenous spread usually starts from the lungs, but it may 
; start from the mouth or from the gastro-intestinal tract (Jacoby **). 
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In a case described by Nathan,’ primary actinomycosis of the appendix 
led to actinomycotic pylephlebitis with hepatic abscesses that broke 
into the hepatic veins to set up secondary abscesses of the lung. These, 
in turn, led to pulmonary actinothrombophlebitis, but death occurred 
before further dissemination could take place. Hematogenous generali- 
zation, starting in the lungs, displays no great preference for any 
particular organ. The brain, liver, kidneys and spleen are most com- 
monly involved ; the myocardium, voluntary muscles, bones, dura, skin 
and gastro-intestinal tract are less frequently affected, and the thyroid 
gland, pancreas, thymus and lymph nodes, most rarely. In the florid, 
pyemic cases no rules of selection are followed. 

Actinomycotic foci in the liver may arise by direct extension from 
adjacent lesions, or by hematogenous spread from the gastro-intestinal 
tract by way of the portal vein or from the lung by way of the hepatic 
vein. Numerous cases of all three types have been described (Shoe- 
maker,”® Greenwell,?° Lehmann and Kahlstorf,?* Fulton and Scheppe **). 
In the case here reported, there was no direct extension from adjacent 
ioci, and there were no lesions in the gastro-intestinal tract. The 
hepatic abscess in the portobiliary septum arose by spread from the 
lungs by way of the hepatic artery. 

The renal foci, too, were hematogenous, and from the lungs. The 
urinary tract is a relatively frequent site for actinomycosis ( Polayes and 
Lederer,”? Cummings and Nelson,*® Kleinschmidt *'). Clinically, it 
simulates tuberculosis or tumor of the kidney. The diagnosis is rarely 
made correctly before operation, but has been established by demon- 
strating the ray fungus granules in the urine (Beregoff **), in pus 
from the suppurating areas, in currettings from the sinuses or in 
the involved tissues. The secondary focus in the right kidney in this 
case had broken into the perinephric space, and had also induced a 
secondary renal actinothrombophlebitis from which the organisms could 
be fed back into the lungs. There were as yet, however, no secondary 
abscesses of the lung. 


Actinomycosis of the bones in man is unquestionably rare. In 


man, “lumpy jaw” is not osteomyelitic, but is an infection of soft 


25. Shoemaker, F.: U.S. Vet. Bur. M. Bull. 2:391, 1926. 
26. Greenwell, A. W.: Mil. Surgeon 62:185, 1928. 
27. Lehmann, J. C., and Kahlstorf: Deutsche Ztschr. f. Chir. 211:384, 
28. Fulton, W. S., and Scheppe, W. M.: Virginia M. Monthly 55:443, 
29. Polayes, S. H., and Lederer, M.: J. Urol. 23:393, 1930. 
. Cummings, R. E., and Nelson, R..J.: Surg., Gynec. & Obst. 49:532, 
. Kleinschmidt, P.: Arch. f. klin. Chir. 120:658, 1922. 
. Beregoff, P.: J. Michigan M. Soc. 28:383, 1929. 
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tissue and a periodontitis from carious teeth (Kaufmann **). A few 
cases of actinomycosis occurring in bones have been reported, arising 
by direct implantation or by local extension, but most commonly by 
hematogenous spread (Sartory, Meyer and Meyer;** Krogius;* 
Lemon; ** Simpson and MclIntosh.**). In this case the bones of the 
skull had been reached by the hematogenous route, for there were no 
other local, extracranial lesions to serve as a local source. 

Cerebral lesions occur in only 2 per cent of all cases of actinomy- 
cosis. -Moersch** collected forty-eight cases of actinomycosis with 
involvement of the brain, and a few cases occurring in the spinal cord 
(Snoke **) have also been reported. Jacoby ** distinguished four types 
of cerebral actinomycosis: meningitis, encapsulated abscess, cerebral 
tumor of gelatinous granulations (rare) and combination types. The 
usual type is that of chronic meningitis, but abscesses are not infre- 
quent. 

The brain is usually reached by direct extension from some actino- 
mycotic focus in the head or neck. It is also accessible by extension 
along the perineural lymphatics. In the absence of any primary local 
lesion, as in this case, it is reached only by way of the blood stream. 
The abscess had produced the paresis of the left arm and the final 
clonic spasms. 

From all these abscesses, as well as from the myocardial foci, the 
blood stream was finally flooded with mycelia, and crop after crop 
of actinomycotic abscesses appeared in the subcutaneous tissues all 
over the body. 

SUMMARY AND CONCLUSIONS 


A case of generalized, florid, pyemic actinomycosis is reported, 
which demonstrates the predilection of actinomycetes for hematogenous 
spread. The lymphatic system is spared. There is a marked tendency 
to the development of local actinomycotic thrombophlebitis, and when 
generalization does occur, it does so practically only by way of the 
blood stream. 


33. Kaufmann, E.: Pathology, Philadelphia, P. Blakiston’s Son & Company, 
1928, vol. 1, p. 558. 

34. Sartory, A.; Meyer, M., and Meyer, J.: Ann. Inst. Pasteur 44:298, 1930. 

35. Krogius, A.: Acta chir. Scandinav. 63:121, 1928. 

36. Lemon, W. S. L.: Minnesota Med. 9:211, 1926, 

37. Simpson, W. M., and McIntosh, C. A.: Vertebral Actinomycosis, Arch. 
Surg. 14:1166, 1927. : 

38. Moersch, F. P.: Actinomycosis of the Central Nervous System, Arch, 
Neurol. & Psychiat. 7:745, 1922. 

39. Snoke, P. O.: Am. J. M. Sc. 1785:69, 1928. 








BARTONELLA ANEMIA IN NONSPLENECTOMIZED 
RATS * 


L. ROSENTHAL, M.D. 
AND 
BURTON L. ZOHMAN, M.D. 


BROOKLYN 


It is a well established fact that within from four to ten days after 
the removal of the spleen of a rat, anemia develops with a heavy infec- 
tion of the red cells by Bartonella. The consensus is that the rat has, 
prior to operation, a latent bartonella infection and can control it. As 
soon as the spleen is removed, the defensive mechanisms of the body are 
disturbed, and the rat becomes a victim of bartonella infection. It is 
thought that with the removal of the spleen, a large part of the reticulo- 
endothelial system is eliminated and that the remaining part is not suffi- 
cient to prevent the development of the disease. Various investigators 
have therefore undertaken experiments to ascertain whether it is pos- 
sible to produce the disease, not by the removal of the spleen, but by 
blockade of the reticulo-endothelial system. 

Haendel and Haagen * found that in eight of twenty-four rats block- 
aded with india ink, a more or less strong bartonella infection developed. 
Friedberg * found that after repeated intravenous injections of 5 per 
cent india ink, a bartonella infection of the erythrocytes developed with- 
out the symptoms of anemia. Cannon and McClelland * found that 
extensive blockade of rats with india ink produces anemia without the 
appearance of bartonellas in the red cells. The results of these experi- 
ments are not sufficiently clearcut in view of the fact that some investi- 
gators were able to get a slight bartonella infection of the red cells with- 
out anemia, and the others, an anemia without bartonella infection. In 
an effort to obtain more effective results, we combined blockade of the 
reticulo-endothelial system of nonsplenectomized rats, with the addi- 
tional injection of bartonella-infected material. For our experiments, 
we used a strain of adult rats that had a latent bartonella infection. 


* Submitted for publication, April 25, 1931. 

*From the Department of Laboratories, United Israel-Zion Hospital. 

* This work was done under the direction of Dr. Max Goldzieher. 

1. Haendel, L., and Haagen, E.: Arb. a. d. Staats-Inst. f. exper. Therap. 
21:73, 1928. 

2. Friedberg, S.: Endokrinologie 3:84, 1929. 

3. Cannon, P. R., and McClelland, P. H.: Arch. Path. 7:787, 1929. 
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TECHNIC 





Method of Blockade.—An intraperitoneal injection of 2 cc. of 10 per cent 
PS solution of Higgin’s india ink in sterile physiologic solution of sodium chloride 
Bs was given three or four times at two day intervals. 

Preparation of Infectious Materiai—Rats were splenectomized, and within 
from four to ten days, a heavy bartonella infection with anemia developed. At 
the height of intection, under aseptic conditions, blood of the rat’s heart was 
obtained in a tube containing sodium oxalate, and an emulsion of the cardiac 
muscle and liver in saline solution was made by grinding in a mortar. 








RESULTS OF BLOCKADE OF THE RETICULO-ENDOTHELIAL SYSTEM AND 
INJECTION OF INFECTIOUS MATERIAL INTO RATS 








. Seventeen nonsplenectomized adult rats were blockaded with india 
: | ink injected intraperitoneally and subsequently were infected with infec- 
tious material in the same manner. In thirteen anemia developed with 
bartonella infection of the red cells, and in four bartonella infection 
developed without anemia. In repeated control experiments, normal, 
nonblockaded rats of the same strain did not react to the injection of 
infectious material. The most extensive bartonella infection and anemia 
were obtained when a total quantity of from 6 to 8 cc. of a 10 per cent 
solution of the ink was given in a period of from three to six days. The 
disease developed in most instances in four days, and at the latest in 
eight days, after injection of the infectious material. The following 
protocol illustrates a typical case: 



























{ Feb. 5: Rat given 2 cc. of 10 per cent solution of india ink intraperitoneaily. 
Feb. 7: Rat given 2 cc. of 10 per cent solution of india ink intraperitoneally. 
Feb. 10: Rat given 2 cc. of 10 per cent solution of india ink intraperitoneally. 
Feb. 12: Rat given 3 cc. of blood and emulsion of splenectomized rat having 

severe bartonella infection and typical anemia. 

‘eb. 14.—Moderate anisocytosis and poikilocytosis and an occasional bartonella 
were seen. 

Feb. 15: Moderate anisocytosis and poikilocytosis, with a few bartonellas were 
seen. 

Feb. 17: Moderate anisocytosis and poikilocytosis, some polychromasia and 
heavy bartonella infection were observed. 

Feb. 18: Marked poikilocytosis, moderate polychromasia, many normoblasts and 
very marked bartonella infection were observed. Hemoglobin was 22 per cent; 
red blood cells, 1,200,000; white blood cells, 33,100; polymorphonuclears, 80 per 
cent; small lymphocytes, 12 per cent; large lymphocytes, 8 per cent. 





Relapses Following Blockade.—Three splenectomized rats that had 
recovered from the typical anemia and severe bartonella infection were 
given, twelve days after the disappearance of the parasites, injections of 
2 cc. of 10 per cent india ink intraperitoneally, from two to five times 
at two day intervals. In each case, from two to fourteen days after the 
last injection, a relapse of the disease occurred with severe bartonella 
infection and intensification of the anemic blood picture. 
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EFFECT OF TRYPANOSOMES ON BARTONELLA INFECTION 


Mayer * noted the occasional appearance of the rods of Bartonella 
muris in the cells of mice and rats infected with trypanosomes. Mar- 
morston-Gottesman and Perla ° observed that infections of normal adult 
rats by Trypanosoma lewisi are accompanied by a moderate anemia dur- 
ing the first week of infection with the appearance in small number of 
the bartonella bodies in the red cells. In order to study the influence 
of trypanosome infection on the development of bartonella infection, we 
performed three series of experiments using a strain of Trypanosoma 
lewist which was found accidentally in one of our experimental rats and 
which was maintained by transfer from rat to rat. 

In the first series, seventeen normal adult rats received intraperito- 
neal injections of blood containing trypanosomes and bartonellas taken 
at the height of the disease from trypanosome-infected, splenectomized 
rats. Two animals died in four days; twelve showed, in addition to a 
trypanosome infection, a bartonella infection of the red cells, and of 
these twelve, seven presented also the typical anemia; three were not 
affected. 

In the second series, three trypanosome-infested rats were given 
intraperitoneal injections of india ink. After the blockade, the number 
of trypanosomes increased tremendously and, in addition, a bartonella 
infection of the red cells appeared. The animals died in from five to 
seven days. 

In the third series, six splenectomized rats were given, two weeks 
after they had recovered from the bartonella infection and anemia, an 
intraperitoneal injection of 2 cc. of oxalated blood containing a great 
number of trypanosomes. Within from twenty-four to forty-eight 
hours, a relapse with a very heavy bartonella infection was observed. 


HISTOLOGIC CHANGES IN BLOCKADED, BARTONELLA-INFECTED RATS 
(DR. M. GOLDZIEHER ) 


The changes observed in the tissues of the organs of the rats that 
were blockaded and then infected were practically identical with those 
described by Schwarz * in his comprehensive survey of the lesions in 
splenectomized animals. The most characteristic lesion was focal necro- 
sis of the liver (fig. 1). The foci of necrosis were irregularly scat- 
tered; their size varied as much as their location. Often endothelial 
cells were still well maintained in the necrotic areas. Occasionally, leu- 
kocytic infiltration was met with in the peripheries of the necrotic foci. 
Besides these lesions, changes of the Kupffer cells were regularly met 


4. Mayer, M.: Arch. f. Schiffs- u. Tropen- Hyg. 25:150, 1921. 
5. Marmorston-Gottesman, J., and Perla, D.: J. Exper. Med. 52:129, 1930. 
6. Schwarz, L.: Folia haemat. 39:133, 1929. 
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with. Most of these cells, of course, contained a varying amount of 
india ink, and many of them appeared considerably. increased in size 
(fig. 2). Those Kupffer cells, however, that contained little or no pig- 
ment frequently showed swelling of both cytoplasm and nucleus and 
occasional phagocytosis of red cells. Many of the Kupffer cells con- 
tained iron, which was also demonstrable in the liver cells, particularly 
in those in the central areas of the lobules. 

Necroses similar to those of the liver were demonstrable in the bone 
marrow (fig. 3). Some of these were apparently of more recent origin 


Fig. 1.—Focal necrosis of the liver. Note the accumulation of india ink in 
the periphery of the necrotic area. 


and still showed the outlines of the decaying cells intermingled with 
amorphous débris and some fibrin. 

The lesions of the spleen were not uniform in all the cases; in some 
of them, excessive congestion and even hemorrhagic infiltration of the 
pulp could be noticed, while in others there was no hyperemia. As a 
whole, the spleen showed the familiar picture met with in acute infec- 
tion, including hyperplasia of the pulp and evidence of proliferation in 
the follicles (fig. 4). Very numerous giant cells of the bone marrow 
type were present in most of the cases, scattered through the pulp or 
forming small groups; yet the number of giant cells was not always in 














Fig. 2.—Storage of india ink in Kupffer cells of the liver. Note the large size 
of the desquamated Kupffer cells. The lumen of the large hepatic vein shows 


many phagocytes loaded with ink. 
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Note the deposits of india 


Fig. 3.—Extensive necrosis of the bone marrow. 


ink in the reticulum cells. 
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excess of what can be seen in the supposedly normal spleen. It seems 
important to emphasize that the storage of india ink in the spleen fell 
very far short of that in the other organs, noticeably of that in the liver. 
The black pigment occurred in the reticulum cells of the pulp and ocea- 
sionally in those of the follicles (fig. 5). These pigmented cells were 
scarce, and they contained much less pigment than the Kupffer cells of 
the same animal. 

Phagocytosis of red cells in the spleen was extensive. It was observed 
chiefly in the pulp. Hemosiderin was abundant in the spleen and was 
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Fig. 4.—Lymphoblastic plasma cells in the periphery of the splenic follicle. 


practically restricted to the splenic pulp. Some of the wider blood vessels 
contained a large number of cells, many of which were loaded with pig- 
ment, while others had ingested red cells. 


EFFECTS OF BLOCKADE AND SUPERIMPOSED BARTONELLA INFECTION 
ON SPLENECTOMIZED DOGS AND GUINEA-PIGS 


It is generally known that splenectomized dogs and guinea-pigs are 
not susceptible to the virus of rat anemia. In our experiments, we 
combined the removal of the spleen with blockade and repeated injec- 
tions of infectious bartonella material. 
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Two young dogs were splenectomized. Within the next forty-three 
days, each received a total quantity of 15 cc. of a 50 per cent india ink 
solution intravenously and 30 cc. of a 10 per cent solution intraperito- 
neally, with four intraperitoneal injections of 6 cc. of an emulsion of 
blood, heart and liver of rats having severe bartonella infection. No 
bartonellas were ever noted. 

Two guinea-pigs were splenectomized, and each was given within the 
next seventy-two days thirteen intraperitoneal injections totaling 65 cc. 
of a 10 per cent solution of india ink, with five intraperitoneal injections 


Fig. 5.—Storage of ink in the pulp of the spleen. Note that the large follicles 
are left free. 


aggregating 16 cc. of an emulsion containing abundant bartonellas Stip- 
pling and normoblasts were noted frequently ; at times, a few bartonellas 
were seen. 


CULTURES FROM BLOCKADED, SPLENECTOMIZED RATS 


Blood of rats at the height of bartonella infection was inoculated 
into ascitic agar, chocolate agar, blood agar, broth and peptone water. 
In four instances, we obtained a slight growth on blood agar. Micro- 
scopically, minute bodies were seen. Subsequent subcultures were, how- 
ever, negative. In order to study the pathogenicity of this culture, we 
used a strain of rats that did not originally have a latent bartonella infec- 
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tion and could therefore be splenectomized without developing bartonella 
infection and anemia. The injection of the culture into such splenec- 
tomized rats failed to give positive results; while control rats of the 
same strain after injection of an emulsion of blood and liver from 
bartonella-infected, splenectomized rats, always presented severe anemia 
and bartonella invasion of the red cells. We were able to obtain a hemo- 
lytic streptococcus in cultures from two nonsplenectomized rats that had 
been blockaded and then infected, and also in cultures from two that 
had been sp!enectomized. We obtained a bacillus of the paratyphoid 
group in cultures from two rats that had been splenectomized and from 
one that had been blockaded. Thus, the secondary microbes in the case 
of the splenectomized animals were identical with those in the case of 
the blockaded, infected animals, 
CONCLUSIONS 

Blockade of the reticulo-endothelial system, combined with a super- 
imposed bartonella infection, produces the blood picture of anemia and 
a severe bartonella infection. In trypanosome-infected animals, block- 
ade without superimposed infection or superimposed infection without 
blockade produces the same results. 

The cellular changes in the spleen of the blockaded, infected rat con- 
sist, essentially, of hyperplasia of the pulp with proliferation of the fol- 
licles. In the liver and bone marrow, foci of necrosis are present, irreg- 


ularly scattered and of different size. 

In rats that previously have been splenectomized, have developed a 
bartonella infection and anemia and have recovered, blockade with india 
ink or injection of trypanosome-infected blood causes a recurrence of the 
disease. 





THE NORMAL RENAL GLOMERULUS OF MAN 


HISTOLOGIC CONSIDERATION * 


DWIGHT L. WILBUR, M.D. 
Fellow in Medicine, the Mayo Foundation 


ROCHESTER, MINN, 


Recent anatomic and physiologic studies of the renal glomerulus 
have led to much new information concerning this structure, but there 
has been lack of coordination of the knowledge in these two separate 
fields. This failure of coordination has been due chiefly to the fact that 
the physiologist has concerned himself almost exclusively with the 
glomerulus of the kidney of the amphibian, whereas the morphologist 
has, until recently, given his attention chiefly to the kidney of man. Con- 
sideration of the comparative anatomy and physiology of the vertebrate 
kidney has been lacking until the recent extensive work of Marshall ' 
and his collaborators. It has seemed justifiable, therefore, to present 
the facts of glomerular structure again because of their importance in 
the light of modern conceptions of glomerular activity, which have been 
so brilliantly expounded by Richards ? and his school, and, in addition, in 
the light of a consideration of anatomic changes that occur in renal 
disease. It is of great importance to determine definitely the structure 
of the normal glomerulus of man, since on this knowledge must eventu- 
ally rest the interpretation of physiologic activity, as well as the under- 
standing of the pathologic changes that may occur in disease. In this 
study, special attention has been paid to the histology of the normal 
renal glomerulus. 

REVIEW OF THE LITERATURE 

The literature on the structure of the renal glomerulus is of con- 
siderable volume, and since it has been carefully reviewed recently by 
McGregor,’ no attempt will be made to reconsider the many older 
studies. The recent application to the kidney of the stain combining 
Mallory’s aniline blue and Heidenhain’s azan carmine, as described by 
McGregor, has opened an entirely new approach to the study of the 
structure of the normal glomerulus, and it has brought out some impor- 
tant considerations, not only of normal glomerular structure, but of 
the pathogenesis of glomerular disease. 


* Submitted for publication, Feb. 17, 1931. 

*From the Section on Pathologic Anatomy, the Mayo Clinic. 
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2. Richards, A. N.: Pennsylvania M. J. 833:527, 1930. 

3. McGregor, Leone: Am. J. Path. 5:545 and 559, 1929. 
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There is still controversy, however, concerning some details of 
glomerular structure among those who have used modern staining 
methods, and since it seems important to settle these points, they will 
be outlined. 

The normal human renal glomerulus is composed of a group of 
intertwining capillary loops, which probably do not anastomose, which 
are formed by division of the afferent glomerular arteriole and which 
rejoin to form the efferent glomerular arteriole. These loops are 
covered by a layer of epithelium which comprises the visceral layer of 
Bowman’s capsule, and these cells are directly continuous, therefore, 
with the epithelial cells of the tubules. The average diameter of the 
human glomerulus in fixed tissue is estimated by Vimtrup* as 200 
microns, by Fahr * as 237 microns, whereas, in the living frog, Richards 
and Schmidt* found the diameter to be from 140 to 300 microns. 
Russell * reported the average glomerular diameter in frozen sections 
of human kidneys to be 118 microns. 

The component parts of the glomerulus are: (1) the capillary or 
glomerular endothelial cells; (2) the glomerular membrane between the 
cell layers; (3) the epithelial cells overlying the loops, and (4) occa- 
sional connective tissue cells and fibers. Although these components 
have been recognized for a long time, there has been considerable dif- 
ference of opinion as to their exact relationship to one another, as well 
as to the correct derivation of each. With the application of newer 
methods of staining within the last few years, this problem has appar- 
ently become simplified. The use of the aforementioned stain, com- 
bining Mallory’s aniline blue and Heidenhain’s azan carmine, has aided 
greatly in the determination of the structure of the normal glomerulus, 
and for the first time an adequate method of differentiating epithelial 
and endothelial cells in the glomerular tuft has been found. In addi- 
tion, the first detailed description of the glomerular basement membrane 
has been accomplished. These two factors become of considerable sig- 
nificance now in the interpretation of glomeruli as normal or abnormal 
and in determining and evaluating glomerular changes in disease. 

Recently advanced interpretations of glomerular histology indicate 
that the afferent glomerular arteriole, which is composed of a muscular 
media (circular fibers) and an elastic interna, pierces almost to the 
center of the loops of the interwoven capillaries before breaking up into 


4. Vimtrup, B. J.: Am. J. Anat. 41:123, 1928. 

5. Fahr, T., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1925, vol. 6, 
pp. 6-290. 

6. Richards, A. N., and Schmidt, C. F.: Am. J. Physiol. 71:178, 1924. 


7. Russell, Dorothy S.: Medical Research Council, Special Report Series, 
no. 42, 1929. 
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from two to four, or at times more, primary branches, which in turn 
break up into the secondary branches or capillaries. After forming a 
series of interlacing, but apparently not anastomosing, loops these sec- 
ondary branches rejoin to form the efferent arteriole, or vas efferens, 
composed of smooth muscle (circular fibers) without any elastic mem- 
brane (Maximow*) or composed of a circular network of cells 
(pericytes of Zimmerman) without muscle fibers (Bensley °). Each indi- 
vidual capillary loop is closely covered when not in contact with another 
loop, by an epithelial investment composing the viscerai layer of Bow- 
man’s capsule. The afferent and efferent vessels are supplied by nerve 
fihers, but it is questioned that the capillary loops themselves receive 
any direct or indirect nerve supply. It has generally been considered 
that the diameter of the vas afferens is twice that of the vas efferens, 
but recent work by Bensley would seem to question this definitely, and 
he has expressed the- belief that they are of approximately equal size. 

In the average section of from 10 to 15 microns in thickness, made 
through the greatest diameter of normal glomeruli, the total number of 
cells present, according to Mertz,’® is constant between 120 and 141. 
He found from 3 to 30 of these to be leukocytes, and the remainder 
he did not differentiate. Von Mollendorff** and Bargmann ** both 
concluded that there were at least ten times as many epithelial as 
endothelial cells within the tuft, although quantitative studies were not 
reported. McGregor concluded that endothelial cells were much less 
numerous than epithelial cells. 

The presence of endothelial cells within the capillary loops of the 
glomerulus has long been conceded, but the absolute number present, 
and the presence or absence of boundaries between them, have been 
disputed. Von Mollendorff described the endothelium of the glomeru- 
lus in man as consisting of a fine layer with few nuclei, and with visible 
cytoplasm only at points where endothelial nuclei were found. He did 
not observe cell boundaries between them. 

Russell observed that “the capillaries are lined with an apparently 
interrupted layer of endothelial cells.” In addition to the endothelial 
cells within the capillaries McGregor described certain cells “probably 
endothelial, which lie inside the glomerular basement membrane, but 


partially surrounded by it.” 


8. Maximow, A. A.: A Textbook of Histology, ed. 1, Philadelphia, W. B. 
Saunders Company, 1930, 

9. Bensley, R. D.: Am. J. Anat. 44:141, 1929. 

10. Mertz, Albrecht: Centralbl. f. allg. Path. u. path. Anat. 29:321, 1918. 

11. von MOllendorff, Wilhelm: Ztschr. f. Zellforsch. u. mikr. Anat. 6:441, 
1927, 

12. Bargmann, W.: Ztschr. f. Zellforsch. u. mikr. Anat. 8:765, 1929. 
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Exact studies of the glomerular basement membrane have been 
presented only recently, since they have depended on the development 
of an adequate technic of staining. Various descriptions of this mem- 
brane have been given. Von Mollendorff described the membrane as a 
true structure in the glomerulus, homogeneous and formed by the 
endothelium. In addition, he expressed the belief that the cytoplasm of 
the overlying cells sent out long processes, mostly parallel with the long 
axis of the capillaries, and that these processes divided into finer 
branches. Volterra,’* however, described the membrane as a recticular 
adventitia, in the form of a continuous membrane of netlike type, in 
which the network consisted of argyrophil connective tissue fibrils. He 
interpreted the cells overlying it, that is, “deck” cells, as being pericytes 
adherent to the membrane and forming it. The endothelium simply 


‘ rested on the membrane. Corner ** had also previously expressed his 


view that “the endothelium of the glomerular tuft is in no case provided 
with reticulum, affording a marked contrast to that of the intertubular 
capillaries.” 

Bargmann described the glomerular membrane as a deep black or 
brown granular line when impregnated with silver. Russell observed 
the membrane to be a “delicate refractile basement membrane.” 
McGregor found the membrane to be homogeneous for the most part, 
although near the hilus a laminated appearance occurred at times. 
“Whether the membrane is fibrillar or whether the extra fibrils belong 
to the connective tissue cells of the vascular pedicle has not been deter- 
mined. . . . (It) does not stain with any of the silver impregnation 
methods used.” The origin and nature of the basement membrane have 
been disputed. As noted previously, von Mollendorff expressed the 
belief that it is a homogeneous, structureless membrane of endothelial 
origin. To this Bargmann agreed. Volterra, however, believed 
it to be a connective tissue structure formed by the pericytes or deck 
cells surrounding the loops, since it acts as a connective tissue structure 
in taking the silver impregnation and also Mallory’s stain. He also 
expressed the belief that the processes which von Mollendorff described 
were really connective tissue fibrils that formed a histologic unit with 
the basement membrane, and that instead of being of variable thick- 
ness, the fibrils were uniform in width. The lack of uniformity of 
opinion as to the embryology of the glomerulus prevents a definite 
statement as to the origin of the membrane. McGregor noted, how- 
ever, that the membrane was “closely associated with the glomerular 
epithelium and was present before the glomerular capillaries appeared.” 
Although the glomerular membrane is directly continuous with the 


13. Volterra, M.: Ztschr. f. Zellforsch. u. mikr. Anat. 7:135, 1928. 
14. Corner, G. W.: Carnegie Inst., Contrib. Embryol., 1920, vol. 9, p. 87. 
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basement membrane of the tubules, it is not similar physiologically, as 
will be pointed out later. The questions which are unsettled in regard 
to the normal membrane are therefore: (1) its origin; (2) the presence 
or absence of a fibrillar structure, and (3) the presence or absence of 
the property of being impregnatable with silver. 

Discussion of the glomerular epithelium or “deck Zellen” raises the 
question as to the exact nature of these cells. They have been called 
pericytes, adventitial cells and epithelial cells. Some workers have 
considered them to be vascular cells ; others believe them to be epithelial 
cells. Von Mollendorff described them as being morphologically similar 
to the adventitial cells or pericytes of the capillary bed. He described 
the long, branching processes that have been noted. Volterra expressed 
his belief that the cells are perithelial, but he did not see any processes 
on them. Bargmann agreed with von Mollendorff as to the presence 
of processes in the deck cells. Russell stated that the epithelial cells 
covering the loops frequently “appear to be absent from the convexities 
of the lobules though small groups can be detected within the inter- 
lobular clefts. In some kidneys a complete investment of the tuft has 
been seen, these kidneys were pathological, but there is no reason to 
believe that the pathological changes did more than render the normal 
structure more prominent.” McGregor remarked: “These cells form 
a complete single layer covering over the tips and crevices of the capil- 
lary tufts. At the hilum they are continuous with the capsular, and 
thus with the tubular, epithelium. They lie outside the glomerular 
basement membrane which separate them from the endothelium. The 
arrangement is not syncytial and cell boundaries are easily seen. They 
are much more numerous than endothelium.” 

The presence of connective tissue cells within the tuft is generally 
believed to be limited, to the hilar portion of the glomerulus. Undoubted 
connective tissue cells and their fibrils are to be seen in this portion 
of the tuft, and they are well shown by the use of silver stains. 
Although older writers believed them to be present in the periphery of 
the tuft, recent careful observation has failed to sustain this impression. 

The glomerulus has been considered to be a structure for the filtra- 
tion or secretion of the glomerular fluid from the blood plasma. It is 
not my purpose in this paper to enter into a detailed consideration of 
the various theories of glomerular function. The brilliant studies of 
Richards and his collaborators,’® have given ample evidence to warrant 
the assumption, and more recently they have conclusively proved, that 
filtration occurs in the glomerulus of the amphibian kidney. It is not 
necessary to elucidate this point, the details of which are familiar to 
physiologists and clinicians as well. However, in the recent work of 


15. Richards, A. N.: Am. J. M. Sc. 170:781, 1925; footnotes 2 and 6. 
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White, evidence has been presented again that might lead one to believe 
St that glomerular secretion was to be considered as a factor in the elabora- 
: | tion of this fluid. It might also be stated that there is still a feeling 
among certain workers that glomerular secretion does exist. This is 
exemplified by the work of White ** that has been noted, as well as by 
the opinion expressed in a recent textbook: “One conclusion can be 
safely deduced from the study of the structure of the kidney. The 
malpighian corpuscle with its glomerulus and capsule of Bowman must 
act as a filtration apparatus.” And yet the author adds: “Thus it is 
possible that the passage of the liquid through the endothelium of the - 
glomerular capillary tuft, and through the covering epithelium, may 
be at least partly ‘a vital phenomenon.’ ”’ 


































MATERIAL AND METHODS OF PRESENT STUDY 





The present study was made on a series of kidneys obtained post 
mortem from subjects who were apparently in normal health until the 
time of death. The group included young persons only, all less than 
40 years of age, who were killed accidentally or who died shortly after 
injury. Postmortem material was studied because it is the type of renal 
tissue generally observed by the pathologist, and an understanding of 
the appearance of normal postmortem renal substances is essential to 
the proper interpretation of renal tissue as normal or abnormal. 





| iz The kidneys of twenty-five, apparently previously healthy, subjects were studied. 

! The tissues, which were obtained from one to four hours post mortem, were fixed 
in Zenker’s fluid or in formaldehyde 10 per cent. Tissues fixed directly in 
Zenker’s fluid gave the more satisfactory results. Tissues fixed in formaldehyde 
were taken to Zenker’s fluid by the method of Davidoff 17 ammonia water, which 
was fairly satisfactory, and by the use of the Weigert mordant,!8 which gave much 
more satisfactory results. The latter method had the slight disadvantage of being 
more time-consuming. Paraffin sections were cut at a thickness of 8 microns, and 
the following stains were used: hematoxylin and eosin, van Gieson’s sudan ITI, 
Orlandi’s (Bielschowsky’s modification by Noel) and Heidenhain’s azan carmine 
modification of Mallory’s aniline blue. 

There are several minor disadvantages in the latter method of staining, Uni- 
form results are not always obtainable, although tissues may be uniformly handled. 
This necessitates at times individualization of sections, which, however, is not 
difficult. Another difficulty is that the variability of absorption of the azan 
PY carmine portion of the stain by erythrocytes and fixed cells is such that even 
within the same section differentiation of cells is unsatisfactory on the basis of 
staining reaction alone, and one must, therefore, depend on the morphologic dif- 
ferences and the position of the cells in relation to other known structures, for 
example, the basement membrane. 





16. White, H. L.: Am. J. Physiol. 90:689, 1929. 
17. Davidoff, L. M.: Am. J. Path. 4:493, 1928. 
18. Kernohan, J. W.: Personal communication to the author. 
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WILBUR—RENAL GLOMERULUS 


OBSERVATIONS 


In general, the appearance of the glomeruli studied is similar to 
that described by McGregor, but several important deviations are to be 
pointed out (fig. 1). 


Glomerulus as a Whole.—Glomeruli in the same microscopic section 
from a normal kidney show considerable variation in general appear- 
ance. There is variability as to size of the tufts, as to the presence or 
absence of large numbers of erythrocytes and as to the number of capil- 
lary loops that are wide open and dilated. Certain. glomeruli appear 
large and wide open, with capillaries that may or may not be filled with 


Portion of a normal human renal glomerulus; a, capsular epithelium; b, 
glomerular epithelium; c, endothelium, and d, glomerular membrane. Many of the 
epithelial cells have been desquamated; < 720. 


erythrocytes; other glomeruli, cut apparently through their greatest 
diameter, are much smaller, bloodless, and with little, if any, capillary 
space visible. With the use of ordinary stains such glomeruli might be 
considered abnormal, but with the use of the Mallory-Heidenhain 
stain (aniline blue and azan carmine), which brings out the individual 
features of the glomeruli, proper interpretation can be made. 

The afferent arteriole, when it is visible, is often very large, and 
appears much larger in diameter than the efferent arteriole, which is 
less frequently seen. 

Occasionally glomeruli with partial or complete hyalinization are 
observed in the normal kidney. 
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Glomerular Epithelium—tThe glomerular epithelium forms a single, 
continuous layer of squamous epithelial cells, with cell boundaries, 
overlying the capillary loops of the tuft, and continuous with the 
epithelium that lines the parietal wall of Bowman’s space. The cyto- 


_plasm is usually a thin layer, except in the region of the nucleus, which 


is usually elongated. In sections of kidney, as they are generally 
obtained post mostem, a considerable portion of both the visceral and 
the parietal layer of epithelium of Bowman’s capsule may be des- 
quamated. These cells are the first in the glomerulus to desquamate 
post mortem, and improper interpretations are easily made, especially 
if many of the capillary loops are bare. These desquamated cells are 
frequently the source of a considerable amount of the débris that is 
commonly found within the capsular space. This débris may erroneously 
be interpreted as albuminous material coming from the capiliary loops. 
Its rather coarse granular appearance, however, distinguishes it from 
the more homogeneous glassy appearance of coagulated albumin. The 
epithelial cells are the least important of the glomerular structures in 
the study of glomerular changes in disease. 


Glomerular Endothelium.—The glomerular endothelium is visible 
as an apparently interrupted layer of flattened nuclei surrounded by a 
minute amount of cytoplasm within the glomerular membrane. There 
are several features worthy of attention. In the first place, although 
cytoplasmic bridges between the individual nuclei are not ordinarily 
visible, they are occasionally seen when the nucleus along with the 
cytoplasm is detached from the underlying membrane. In such an 
instance the cytoplasm can be observed as a thin line, frequently several 
times the length of the nucleus, extending in both directions from it. 
Cell boundaries have not been observed. Another feature of importance 
is the frequent occurrence of endothelial cells, which appear large and 
swollen, but not vacuolated, and which project for a considerable dis- 
tance into the lumen of the capillary and would therefore seem partially 
to obstruct it. These cells are so frequently observed that they can- 
not be considered to be abnormal. In a large, dilated, blood-filled 
capillary loop the endothelial cells are flattened; whereas, in a small 
capillary loop that appears somewhat contracted and is usually blood- 
less or contains an occasional erythrocyte only, the endothelial nuclei 
are frequently more oval or rounded, and they seem to occupy rela- 
tively more space within the capillary. Evidences of proliferation and 
hyaline fibers have not been observed under such conditions. 

It is also to be pointed out that the number of endothelial cells in 
relation to the number of epithelial cells is variable. Desquamation of 
epithelial cells, which is a normal postmortem occurrence, is likely to 
render erroneous relative counts of the numbers of endothelial and 
of epithelial cells in the normal person. Unless a given glomerulus is 
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well covered with epithelial cells and unless desquamation is absent, 
counts are of little value. In the present study, numerous counts of the 
normal number of cells have been made, and from this experience esti- 
mates have been made relative to other glomeruli, without quantitative 
examination, These studies show that in the ordinary glomerulus from 
one fourth to one sixth of all nuclei observed, exclusive of those of 
leukocytes, are of endothelial cells. 


Nuclei are found frequently within the glomerular membrane at 
points other than the hilus, and they have the appearance of endothelial 
nuclei. Cytoplasm surrounding them is rarely visible. These cells 
may be significant in the origin of the membrane, and they occasionally 
are abundant. 


Glomerular (Basement) Membrane.—The basement membrane of 
the glomerulus is an important part of the glomerulus, forming its basic 
structure, and it undergoes marked changes in nephritis and hyper- 
tension. These changes, which are in large part characteristic of the 
disease present, are interpreted correctly only if the appearance of the 
normal glomerular membrane is known. In the normal glomerulus 
presenting widely dilated loops, the membrane is a thin, blue, homo- 
geneous line with the Mallory stain; in loops that are not so widely 
dilated, the membrane is thicker, may have a fibrillar appearance, and 
not infrequently contains nuclei within it. The membrane is thickened 
not only at points where the capillary loops divide, but also occasionally 


at points where branching cannot be observed. These thickened por- 
tions usually do not decolorize as readily as the thinner portions of the 
membrane. Inadequate decolorization of the glomerular membrane 
(stained with Mallory’s aniline blue) may lead to appearances sug- 
gesting a thickened membrane, an appearance which further decoloriza- 
tion will obliterate. 


Studies of the glomerular membrane have been made with the 
Orlandi silver impregnation method, but the membrane did not become 
impregnated with silver in any of the cases observed. The outer layers 
of the capsular membrane, however, do take up the silver, for they are 
part of the intertubular structural framework, which, of course, becomes 
impregnated with silver also. 

Connective Tissue.—Connective tissue cells and fibrils are always 
to be seen at the hilus of the tuft, and they may extend as far as the 
central portion of the glomerulus. The nuclei, which resemble those of 
the endothelial cells, frequently can be distinguished by ordinary stains, 
since they are more elongated and less oval. At times these cells are 
numerous at the region of the hilus. With silver impregnation methods, 
these cells and their fibrils stand out distinctly. 
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Leukocytes.—Leukocytes, usually polymorphonuclear, are to be seen 
scattered throughout the capillary loops. The average glomerulus rarely 
contains more than fifteen such cells. Any type of leukocyte observed 
in the blood may be seen within the glomerular capillary loops. 


Tubules, Blood Vessels and Other Structures.—Little attention has 
been paid to the tubules in the present study because of the variability 
of their staining reactions with the Mallory-Heidenhain stain. Uni- 
formity is lacking, and nothing distinctive that cannot be observed by 
the simpler stains has been observed. Hyaline droplets within the tubular 
cells take a stain varying from bright red to orange. The inter- 
tubular network is stained a bright blue by this method. The erythro- 
cytes within the capillaries show variation of color from gray to yellow, 
orange or red, even within the same capillary loop. The structure of 
the smaller and of the large blood vessels is admirably shown by the 
use of this stain. 

COMMENT 


Anatomic Considerations —The Mallory-Heidenhain stain has proved 
to be invaluable in the study of the renal glomerulus and is worthy 
of use as a routine in the study of postmortem material in the patho- 
logic laboratory. Its chief advantage is that it stains the component 
parts of the glomerulus so that they can be distinguished from one 
another and can be studied separately. This allows a much more care- 
ful analysis of glomerular changes as they are seen under the micro- 
scope. It is important to point out, however, that before interpretation 
of the abnormal is made, careful study and understanding of the normal 
glomerular structure is necessary. 

Several points have been mentioned that are believed to be of sig- 
nificance in the consideration of the structure of the normal glomerulus 
of man. These are: (1) the variability in size of the capillary loops 
and the consequent variability in the thickness of the glomerular mem- 
brane; (2) the presence of regions of thickening in the membrane at 
points other than the branching of capillaries, and the fibrillar appear- 
ance of the membrane at such points of thickening; (3) the number 
and characteristics of the epithelial and endothelial cells of the tuft; 
(4) the relatively large number of cells found within the glomerular 
membrane; (5) the relative infrequence of leukocytes, and (6) the 
failure of the glomerular membrane to become impregnated with silver. 

The glomerular membrane has become the most distinctive histologic 
feature of the glomerulus since the application of this method of stain- 
ing. Interpretations of its structure and appearance vary and it must 
be taken into consideration in physiologic interpretations, as has been 
mentioned. It plays an important part in the pathogenesis of glomerular 
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disease. The nature of this membrane and its relationship to the other 
basement membranes of the kidney is uncertain, as will be brought out. 

The presence of numerous thickened portions in the normal 
glomerular membrane is of significance, for this might readily be con- 
sidered to be abnormal. These thickened portions occur at junctures of 
capillaries, as pointed out by McGregor, and they are also seen where 
capillary branching does not occur. Improperly decolorized regions 
must not be confused. In such thickened portions the membrane has a 
fine fibrillar appearance, and endothelial nuclei are not infrequently 
found within the membrane at such points. No further light has been 
thrown on the origin of the membrane in the present study. The nuclei 
found within the membrane may possibly be of some significance in 
this respect. Thickening of the glomerular membrane occurs in cases 
of glomerular nephritis and hypertension and has been reported in cases 
of lipoid nephrosis,’* and although in most of these cases the thickening 
is obvious, in others it has been found to approach the normal appear- 
ance. The failure of the glomerular membrane to become impregnated 
with silver is noteworthy. Although the glomerular membrane is directly 
continuous with the intertubular and capsular membranes which become 
impregnated with silver, the glomerular membrane does not act similarly. 
This is a distinguishing factor which cannot be overlooked. Although 
it cannot be adequately explained at present, it signifies a difference in 
chemical structure between this membrane, which is apparently exclu- 
sively a filter, and the intertubular membrane of the kidney. Whether 
or not there is a difference in the function of these two types of mem- 
brane, which are apparently continuous, remains to be determined. 
Corner studied the reticulum in various organs, especially the kidney, 
and he came to the conclusion: “In the renal cortex, between the con- 
voluted tubules and about the glomerulus, the ‘stroma’ is no more nor 
less than a network of recticular fibrils embedded in the cytoplasm of 
the capillary endothelium or deposited by the latter against the tubules 
and Bowman’s capsule. True fibroblasts are very infrequent—perhaps 
altogether absent.” This conception that fibers of reticulum are pro- 
duced by endothelial cells was not new, since Mall *° and Evans ** 
previously had reported such a structure in other organs; for example, 
the suprarenal glands, the thyroid gland and corpus luteum. Corner 
continued: “The endothelium of the glomerular tuft is in no case pro- 
vided with reticulum, affording a marked contrast to that of the inter- 
tubular capillaries.” That there may be differences between capillary 
endothelial cells within the glomerulus and the intertubular blood ves- 
sels seems possible; Corner stated: “It seems, therefore, that capillary 


, 


19. Bell, E. T.: Am. J. Path. 5:587, 1929. 
20. Mall, F. P.: Math. Phys. Abhandl. 17:295, 1891. 
21. Evans, H. M., quoted by Corner (footnote 14). 
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endothelium can form reticulum fibrils in those organs whose blood 
capillaries come into direct contact with active secreting epithelial cells. 
Where support of tissues is by connective tissue, the endothelium seems 
devoid of reticulum fibrils. It will be important to determine if these 
two types of fibers are chemically different and if the endothelial cells 
which form and those which do not form fibers are different.” There 
are two other points of difference between the glomerular membrane 
and the tubular basement membrane which are worthy of mention. The 
first is that the glomerular membrane decolorizes more rapidly than 
does the tubular basement membrane during the process of staining 
with Mallory’s aniline blue. The second point is that fibrous tissue 
change occurs much more readily under abnormal conditions in the 
intertubular reticulum than within the glomerulus. This is illustrated 
by the example occasionally seen, in which, along with an increase in 
the fibrous tissue between the tubules, there is also an increase of this 
tissue surrounding the parietal layer of Bowman’s capsule, at times 
compressing it, and at times with no change within the glomerular tuft 
itself. Careful study of such glomeruli reveals that the proliferation of 
fibrous tissue which has occurred around the glomerular capsule involves 
the outer layer of the double covering, which is in fact made up of the 
intertubular reticulum. The inner layer, which is a homogeneous, nar- 
row membrane that does not become impregnated with silver, is not a 
part of the process, and there is no change in the glomerulus. It is a 
possibility that the intracapillary hyaline fibers formed between the 
proliferating endothelial cells in the glomerular tuft in glomerular nephri- 
tis may be endothelial in origin, since these fibers occasionally become 
impregnated with silver, as do the reticular fibrils in the intertubular 
regions. Since all the cells withir the glomerulus are of mesenchymal 
origin, it is theoretically possible that any type of cell, particularly under 
abnormal influences, may produce fibrils. The fibrils found in the 
crescent, which have a similar origin, become impregnated with silver 
also. 

Attention should be called to the distinguishing features of the 


- epithelial and endothelial cells of the tuft. Although certain minor 


morphologic and staining differences exist between these cells, the most 
accurate method of differentiating them is by determining their relation- 
ship to the glomerular membrane. All nuclei, excluding those of leuko- 
cytes, inside the glomerular membrane are endothelial, and all nuclei 
outside it are epithelial, regardless of form or staining reaction. The 
position of the cell in regard to the membrane is by far the most dis- 
tinguishing feature and the only one that should be used at present. 

Recent reports in the literature indicate that glomerular epithelial 
cells are ten times as abundant as glomerular endothelial cells. The 
present study has not borne out this statement, since it has been found 
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that approximately from one fourth to one sixth of all glomerular cells, 
exclusive of leukocytes, are endothelial. This may be of importance in 
the consideration of early changes in glomerulitis, since endothelial pro- 
liferation is probably the first important step in this process. Endo- 
thelial proliferation has been reported in cases of clinical glomerular 
nephritis and in lipoid nephrosis. As in thickening of the glormerular 
membrane, marked proliferation of endothelial cells is easily discernible, 
but a slight amount of proliferation and increase in number of cells 
may be confused with the normal. It should be mentioned, also, that 
the endothelial cells which normally appear rounded and oval, and 
which partially obstruct small capillary loops, may be mistakenly iden- 
tified as proliferating endothelial cells. In addition, the large number 
of endothelial cells in the normal condition makes it more reasonable 
to believe that the capillary wall is completely covered by a layer of 
endothelial cells and not by an apparently interrupted layer of endo- 
thelial cells, as recorded by Russell. Boundaries between the endothelial 
cells have not been observed. 

The presence of endothelial cells within the membrane is more diffi- 
cult to explain. These cells may have some significance from the 
embryologic standpoint, they may be of significance in the formation and 
maintenance of the membrane in the adult glomerulus, or they may pos- 
sibly be the remnants of previous capillary loops that have collapsed 
and disappeared, leaving the lining endothelium within the layers of 
the glomerular membrane, which in time becomes thinner. Since proc- 
esses or fibers within these cells cannot be seen, it is difficult to inter- 
pret them exactly. 

The cells covering the glomerular tuft, over which there has been 
considerable discussion, as already mentioned, are most probably epithe- 
lial cells and not vascular or adventitial cells or pericytes. They are, 
most likely, epithelial, because they cover a surface, and because they 
are directly continuous with, and react similarly and synchronously with, 
the tubular epithelial cells in desquamation and degeneration. In addi- 
tion the glomerulus of the human infant presents epithelial cells that 
are columnar or cuboidal and closely compacted, an appearance that 
strongly suggests that they are epithelial cells. It is only as the adult 
stage is reached that these cuboidal cells flatten out and give the squamous 
appearance usually observed. Processes arising within these cells 
and extending beyond them have not been observed. Russell stated 
that the epithelial cells covering the loops frequently “appear to be 
absent from the convexities of the lobules.”’ She wrote, also, “In some 
kidneys a complete investment of the tuft has been seen; these kidneys 
were pathological, but there is no reason to believe that the pathological 
changes did more than render the normal structure more prominent.” 
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It seems obvious that such statements are the result of observing 
normal glomeruli from which the most of the epithelium had been 
desquamated. 

The presence of leukocytes within the capillary loops is not of par- 
ticular significance. In the present study a smaller number has been 
found than has been previously reported. It was formerly believed 
by some that the proliferation of cells within the glomerular capillaries 
in nephritis was of large mononuclear leukocytes. This does not seem 
likely at present, since careful study has shown these proliferating cells 
to be the endothelial cells of the capillary walls. In certain severe infec- 
tions, such as pneumonia, one occasionally sees large collections of 
leukocytes (mononuclear and polymorphonuclear) in the glomerular 
capillaries, but the reaction is different from that seen in glomerulitis in 
clinical glomerular nephritis. Leukocytes are also to be found in the 
glomerulus in suppurative or embolic glomerular disease. In the 
normal glomerulus all types of leukocytes are found, just as they occur 
in the circulating blood. 


Physiologic Considerations—The anatomic evidence, considered in 
the light of present physiologic knowledge, seems as overwhelmingly in 
favor of a filtration theory of glomerular function as does the physio- 
logic evidence. This conclusion is adduced following careful study of 
the normal glomerular structure in man. The glomerulus anatomically 
seems admirably adapted for the physiologic process of filtration and, in 
addition, does not contain any structure that seems adapted for secretion 
as this term is ordinarily used. The structures concerned are several: 
(1) endothelial cells, which apparently are the same as capillary endo- 
thelium elsewhere in the body, and therefore should not be considered 
as secretory cells; (2) the glomerular membrane, which obviously can- 
not secrete, and (3) the epithelium, the cells of which are the only 
structures in the glomerulus which might possibly secrete, but which, 
although directly continuous with, and perhaps derived with, the tubular 
epithelium from the same embryonal tissue, careful study and thought 
indicates are not secretory cells. The paucity of cytoplasm in these 
cells, their close resemblance to the parietal epithelial cells of Bowman’s 
capsule and other squamous cells, and their relatively small number, 
considering the large volume of glomerular fluid produced, are anatomic 
points strongly in favor of the absence of secretion. It should be 
mentioned that the failure of the glomerulus to secrete does not class 
it as a “dead membrane,” as it is sometimes referred to, any more than 
does the failure of the capillary membranes elsewhere to secrete classify 
them similarly. It might also be noted that there is some similarity 
between the glomerular wall and the wall separating the narrow descend- 
ing limb of Henle’s loop from the intertubular capillary surrounding it. 
That is, these walls are made up of narrow, pavement epithelium, a 
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basement membrane and endothelial cells. As far as is known, secretion 
has never been considered as occurring in this region. 

The observation of the variability in size of the glomerular capil- 
lary loops in renal tissue of man, obtained after death, may be the 
result, in part, of the physiologic state of the tissue at the time of 
death. As has been mentioned, the glomerular capillary loops may 
appear large and dilated, and filled or empty of blood, or they may be 
small, with a lumen that would hardly admit a single erythrocyte. 
All variations between these two states are seen in normal glomeruli 
in the same or different kidneys. Corresponding with these states, one 
may find the glomerular membrane thin, or thickened with endothelial 
cells, which may be flattened and without visible cytoplasm or may 
have nuclei that definitely obstruct the lumen of the loop. The obser- 
vations of Richards and Schmidt on the kidney of the living amphibian 
led them to the conclusion that the individual capillaries did not vary 
in caliber, but that intermittence of flow in individual loops depended 
on the contraction and relaxation at the juncture of the capillary 
with the afferent and efferent arterioles. The capillary loops, in other 
words, were passive structures, the flow of blood through which 
depended on the opening and closing of “sphincters” at the extremities 
of the capillary loops. However, the distensibility of the capillaries is 
admitted by Richards ;** it has been observed by him directly in the 
frog’s kidney and has been indirectly inferred from changes in renal 
volume following the application of chemical stimuli to the living 
kidney. 

The intermittency of action of the whole and of part of the renal 
glomerulus of man is indicated by the observations just cited. This 
observation may prove to be important also from the standpoint of 
determining the state of the renal circulation at the time of death in 
such conditions as acute renal insufficiency and shock. It is of value 
also from the standpoint of interpretation of glomerular changes, 
such as occlusion of a single capillary loop, or in the absence of 
erythrocytes from capillary loops, for such appearances might readily 
be confused with abnormal conditions sometimes seen. The use of 
this stain (Mallory-Heidenhain) brings out details which either cannot 
be interpreted or which are misinterpreted when seen in sections 
stained by ordinary methods. 

CONCLUSIONS 

The anatomic evidence, considered in the light of present physiologic 
knowledge, seems as overwhelmingly in favor of a filtration theory of 
glomerular function as does the physiologic evidence. 


The Mallory-Heidenhain (aniline blue and azan carmine) stain, 
which stains the individual structures of the glomerulus distinctively, 
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is worthy of being used as a routine in the laboratory in the study of 
renal tissue obtained post mortem. 

There is marked variability in the size of the glomerular capil- 
laries observed post mortem in a single kidney, and this may be evi- 
dence of the state of the renal circulation at the time of death. It may 
possibly indicate the intermittence of glomerular activity in the kidney 
of man. 

The glomerular membrane is of variable thickness, is at times 
fibrillar in appearance, and occasionally contains many nuclei. The 
chemical properties of the glomerular membrane differ from those of 
the intertubular membrane of the kidney. 

Endothelial cells are more numerous, and leukocytes less numerous, 
in the glomerulus than has previously been indicated. 








EFFECT OF INJECTION OF TRYPAN BLUE ON 
RATE OF SEDIMENTATION OF ERYTHRO- 
CYTES IN INFLAMMATION * 


GUSTAVUS H. KLINCK, JR. M.D. 
PHILADELPHIA 


Since it is recognized that inflammation usually acts as a protective 
mechanism, it is natural to attempt to discover common factors in the 
production of antibodies and in the process of inflammation. It seems 
to be possible that those cells which many believe to have a role in the 
production of antibodies, the cells of the so-called reticulo-endothelial 
system, may be involved in the process of inflammation and particularly 
in. the increased production of fibrinogen that usually follows inflam- 
mation. This possibility was suggested by an observation by Freund’? 
on the influence of age on the production of antibodies and the response 
to inflammatory irritants: Studying the immunity conditions in adult 
and in very young animals, he found that the production of antibodies 
is poor in young rabbits. He also found that the intracutaneous injection 
of pneumococci causes only a slight rise in the rate of sedimentation of 
red blood cells in young rabbits as compared with the greater rise that 
he observed in adult rabbits.* 


It has been known for a long time that an increase of blood fibrinogen 
accompanies the infectious diseases associated with leukocytosis, such 
as pneumonia, erysipelas, scarlet fever, etc.° Fahraeus noticed 


that an increase in the rate of sedimentation of red cells occurred in 
many diseases ; that an increase in the rate is accompanied by an increase 
of blood fibrinogen ; that these changes are fairly parallel. Increased for- 
mation of rouleaux is uniformly present in smears made from blood that 
has a high rate of sedimentation, and this increased formation of 
rouleaux is due to physical changes in the red cells brought about by a 
rise in the amount of fibrinogen.t The formation of rouleaux binds 
numbers of red cells into masses, and the sinking velocity of such 
aggregations becomes greater as their size increases. 


* Submitted for publication, March 7, 1931. 

*From the Department of Pathology, School of Medicine, University of 
Pennsylvania. 

1. Freund, J.: J. Immunol. 11:383, 1926; 18:315, 1930. 

2. Freund, J.: Personal communication to the author. 

3. Pfeiffer, T.: Ztschr. f. klin. Med. 33:214, 1879; Centralbl. f. inn. Med. 19:1, 
1898, 

4. Fahraeus, R.: Physiol. Rev. 9:241, 1929. 
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In recent years it has been established that the injection of india 
ink or other dyestuffs, such as trypan blue, carmine, janus green, etc., 
into guinea-pigs, rabbits, rats and mice causes a retardation or a diminu- 
tion in the formation of antibodies,® also in the development of 
sensitiveness to tuberculin, and interferes with the chemotherapeutic 
action of certain drugs. The action of the dyes is frequently interpreted 
as a “blockade” of those cells in which the presence of the dyestuffs 
can be demonstrated by histologic examination, i. e., the so-called reticulo- 
endothelial cells. The experiments of Smith,® however, clearly showed 
i that when the administration of certain dyes is followed by the injection 
if of another dye, both dyes can be found in the cells. In the light of these 
7 experiments it is possible that the injection of dyes does not “block” 
the cells to the entrance of antigens. It seems probable that the cells 
Re storing the dye stuffs are able to take in antigens, but that their function 
in the production of antibodies is modified. An extensive review of the 
subject of the storage of dyestuffs in cells has been published by 
Jungeblut.? 

In order to throw light on the question as to whether or not the 
reticulo-endothelial system has a role in the increase of the velocity of 
the sedimentation of the red blood cells that usually follows inflammation, 
it was planned to compare the Fahraeus reaction in rabbits that were 
treated with trypan blue and by injections of pneumococci, with the 
reaction in rabbits that were treated only by injection of pneumococci. 

In passing it may be mentioned that in the first attempts to produce 
inflammation a sterile solution of aleuronat was used, but the change in 
the rate of sedimentation of the red blood cells was only moderate. Good- 
ner * showed that the injection of pneumococci into the skin of rabbits 
produces an extensive inflammation that heals in the majority of the 
animals within ten days. 
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In all experiments adult, nonpregnant, gray rabbits, weighing from 2 to 2.5 Kg., 
were used. Usually four subcutaneous injections of 2 cc. of a sterile 1 per cent 
solution of trypan blue were given on successive days. The skin and sclerae of 
the animals became intensely blue, and this color failed to increase in intensity on 
further injections. After these preliminary injections the animals received sub- 
cutaneous injections of similar amounts of the dye on alternate days. The per- 
sistence of a deep blue color of the blood plasma throughout the experiments 
was evidence that the rabbits had more dye than they could store. The control 
animals received no dye. 








5. Gay, F. P., and Clark, A. R.: Reticulo-Endothelial System in Relation to 
Antibody Formation, J. A. M. A. 83:1296, 1924. 
¥ 6. Smith, H. P.: J. Exper. Med. 51:395, 1930. 
# 7. Jungeblut, C. W.: Ergebn. d. Hyg., Bakt., Immunitatsforsch. u. exper. 
Therap. 2:929, 1930. 

8. Goodner, K.: J. Exper. Med. 48:1, 1928; 38:413, 1928. 
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The sides of the “blocked” and control animals were shaved, and each was 
given an intracutaneous injection of 0.1 cc. of a 1:100 dilution of an eighteen-hour 
culture of virulent type I pneumococci. The pneumococci were grown in blood 
broth and diluted in plain broth. 

Before the animals were treated in any way, it was determined that the rates of 
sedimentation of their red cells were within the accepted normal limits. Readings 
were made on the day of injection of the pneumococci and on alternate days there- 
after until the rates of sedimentation returned to normal. To obtain blood for 
tests of sedimentation, the ears of the rabbits were shaved and covered with 
petrolatum, and the marginal vein was cut with a razor. The blood was allowed 
to flow into a graduated test tube that contained a definite amount of 3.7 per 
cent solution of sodium citrate. The proportion of blood to citrate was 4:1. The 
citrated blood, after being shaken, was drawn up to a height of 20cm. in tubes that 
had an inside diameter of about 2.5 mm. The lower end of the tube was then 
forced down into a plaque of modeling clay and carefully adjusted so as to stand 
vertically. At the end of an hour the height of the column of plasma that 
separated above the red cells was read in millimeters. 

In the majority of the experiments estimations of fibrinogen were made by 
means of the Abbé refractometer. After centrifugation of the citrated blood, a 
refractometer reading was taken on the plasma. The plasma was then placed in 
a water bath at 59 C. for five minutes, which caused a coagulation of the fibrino- 
gen. The samples were then centrifugated at a high speed to throw down the 
coagulated fibrinogen, after which refractometer readings of the serum were taken. 
The difference in refraction of the plasma and serum indicated the approximate 
amount of fibrinogen. 


EXPERIMENTS 
Three individual series of experiments were made. It was found 
that the injection of trypan blue produced only a negligible increase in 
the rate of sedimentation. Within forty-eight hours after the injection 


of the pneumococci all animals showed some increase in the rate of 


sedimentation, as well as an area of hyperemia about 1 by 1 cm. at. the 
site of injection. The rate of sedimentation of the red blood cells of 
each animal increased rather rapidly and reached a maximum between 
the sixth and seventh days after inoculation. During this period the 
area of hyperemia enlarged to about 6 by 4 cm. These areas became 
edematous and small areas of necrosis developed in the centers. After 
this time there occurred a decrease in the rates of sedimentation, equal 
in rapidity to the rise, and falling to a value on the tenth day equal to 
that observed on the second day after inoculation. Between the tenth and 
fourteenth days the rates of sedimentation gradually approached normal. 
The intensity of the local inflammation increased and decreased as the 
amount of sedimentation rose and fell; but even after the rates of 
sedimentation reached normal, there was still visible a slight hyperemia 
around the site of inoculation in the control arimals. Owing to the 
intense accumulation of dye in the skin of the dye-treated animals, the 
hyperemia was obscured. In these animals inflammation was evidenced 
by the presence of heat, edema and necrosis. 
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Moderately large variations in the rates of sedimentation occurred 
in individual animals of the groups that had received dye, as well as in the 
controls; but when the rates were averaged, the averages showed that 
the rates of the control animals were almost twice as high as those of 
the animals that had undergone treatment with dye. 

It will be noticed that the sedimentation values of the dye-treated 
and control groups decreased considerably between the first and the 
third series of experiments. This is explained by a diminution in the 
virulence of the stock culture of the pneumococcus, such as usually occurs 
when a culture is kept on artificial medium for some time. 








$ P lays & 2 r; 2 

Composite curves computed from all three experiments. The ordinates show 
the average height in millimeters of columns of plasma after sedimentation for one 
hour. The broken line represents the “blocked,” the solid line the “unblocked,” 
groups. S indicates the day on which “blocking” was started; P the day of 
inoculation with pneumococci. 


When averages of the sedimentation rates of all controls and of 
all animals receiving dye were made and compared (graph), it was 
found that the rate of sedimentation of red cells in the untreated animals 
(75 mm.) was more than twice as high as that in the dye-treated animals 
(31 mm.) at the height of the reaction. It was noted that in individual 
animals, in averages for each experiment and in averages for all three 
experiments, the control groups had a lower rate of sedimentation at 
the beginning of the experiment than the dye-treated groups. A rapid 
rise in the curve of sedimentation occurred in the dye-treated and control 
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animals, but the curve of the untreated soon crossed the curve of the 
dye-treated animals and rose to almost twice the height of the latter. 
In its fall, the curve of the control animals fell below the curve of the 
dye-treated, and the two curves finally coincided with normal values. 
This crossing of the curves, even though it was slight, occurred with 
such regularity, that it was thought to be indicative of a lag in response 
to infection in animals that were receiving dye. The lower rates of 
sedimentation in the dye-treated animals indicated some inhibition of 
their defense reactions. 

During the course of each experiment a few of the dye-treated 
animals and a few of those receiving no dye died or developed paralysis 
of the hind legs due to accidents. In such paralyzed animals diarrhea 
developed, and there was a marked increase in the rate of sedimentation. 
The observations recorded on such animals to the time of the accidents 
were allowed to remain in the records and were made use of in the 
compilation of the curves, but readings subsequent to the accidents were 
deleted. Animals that showed abnormal rates of sedimentation at the 
beginning of each experiment, and those in which “snuffles” developed 
were not included in the records. 

By comparing the sedimentation curves of the animals that had 
received dye and those that had received none, it is seen that the injection 
of trypan blue (“blocking the reticulo-endothelial system”) hinders the 
rise of the rate of sedimentation of the red blood cells that follows the 
injection of pneumococci. The hindering effect manifests itself in two 
ways: 1. The increase in the rate of sedimentation is considerably 
lower than in the control. 2. In the animals receiving dye the increase 
in the rate of sedimentation appears somewhat later and persists longer 
than in the controls. 

Since Fahraeus and others showed that an increase in the rate of 
sedimentation of red cells is due to an increase of fibrinogen, and since 
these experiments show that injection of trypan blue hinders the increase 
in the rate of sedimentation accompanying inflammation, it is concluded 
that the so-called reticulo-endothelial system has a role in the increased 
production of fibrinogen, which was regularly observed in the inoculated 
rabbits. This experiment does not throw any light on the question as to 
whether or not the role played by the reticulo-endothelial system is a 
direct or an indirect one. Since these observations show that the injection 
of trypan blue does not decrease the rate of sedimentation in normal 
animals, it is probable that the function is indirect, and is active only 
during the presence of inflammation or other pathologic conditions. 


CONCLUSIONS 
The injection of pneumococci, type I, into the skin of rabbits pro- 
duces a local inflammation, a rise in the rate of sedimentation of the 
red blood cells and a concomitant rise in blood fibrinogen. 
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The rise in the rate of sedimentation parallels in time the develop- 
ment and subsidence of the local inflammation. 

The injection of trypan blue does not materially influence the rate 
of sedimentation of red blood cells in otherwise normal rabbits. 

The inflammation at the site of injection of pneumococci is not 
appreciably influenced by treatment with trypan blue. 

The response to infection in dye-treated animals as compared with 
control animals, as evidenced by changes in the rate of sedimentation 
of red blood cells, is slower in manifesting itself, is not as intense and 
persists somewhat longer. It is suggested that the so-called reticulo- 
endothelial cells play a role not only in the production of antibodies, but 
also in the increase of fibrinogen that accompanies the inflammation 
caused by the injection of pneumococci. However, the possibility cannot 
be excluded that the action of the dyestuff is not mediated by these cells 
but by some other factors. 


Dr. Jules Freund, of the Henry Phipps Institute, suggested this problem and 
made valuable criticisms during the progress of the work. 


General Review 


PAGET’S DISEASE OF THE NIPPLE 


REVIEW OF LITERATURE; CLINICAL AND MICROSCOPIC STUDY OF 
SEVENTEEN BREASTS BY MEANS OF WHOLE SERIAL SECTIONS * 
SIR’ G. LENTHAL CHEATLE, K.C.B., C.V:0., F-.R.C.S. 
Consulting Surgeon, Emeritus Surgeon and Lecturer in Surgery, King’s 
College Hospital 
LONDON 
AND 
MAX CUTLER, M.D. 

Director of Tumor Clinic, Michael Reese Hospital 
CHICAGO 


Velpeau * in 1840 was the first to describe the surface lesion of the 
disease now known as Paget’s disease of the nipple. It remained, 
however, for Sir James Paget * (1874) to discover the intimate asso- 
ciation of the epidermic lesion with carcinoma of the breast and to 
establish the condition that now bears his name as a disease sui generis. 

Paget’s contribution was based on observations of fifteen cases of 
chronic conditions of the skin of the nipple and areola which he had 
noted were succeeded by the formation of carcinoma of the breast, 
usually within one year and at most within two years after their appear- 
ance. Paget stated that there was nothing peculiar in the cancers them- 
selves, the majority following an average course with a tendency to local 
recurrence and metastasis to the lymph glands. 

The accuracy of Paget’s original description is remarkable. The 
author records his observations in the following brief, but comprehen- 
sive, form: 


I believe it has not yet been published that certain chronic affections of the 
skin of the nipple and areola are very often succeeded by the formation of scir- 
rhous cancer in the mammary gland. I have seen about fifteen cases in which this 
has happened, and the events were in all of them so similar that one description 
may suffice. 

The patients were all women, various in age from 40 to 60 or more years, 
having in common nothing remarkable but their disease. In all of them the 
disease began as an eruption on the nipple and areola. In the majority it had 
the appearance of a florid, intensely red, raw surface, very finely granular, as if 


* Submitted for publication, Jan. 30, 1931. 

* The authors gratefully acknowledge their thanks to the Littauer Foundation 
for having made it possible to conduct the research on which this review is based. 

1. Velpeau, A. A. L. M.: Lecons orales de clinique chirurgicale faites a 
Vhéspital de la charité, Paris, 1840-1841, vol. 12. 

2. Paget, J. Y.: On Disease of the Mammary Areola Preceding Cancer of 
the Mammary Gland, St. Barth. Hosp. Rep. 10:87, 1874. 
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nearly the whole thickness of the epidermis were removed; like the surface of 
very acute diffuse eczema, or like that of an acute balanitis. From such a surface, 
on the whole or greater part of the nipple and areola, there was always copious, 
clear, yellowish, viscid exudation. The sensations were commonly tingling, itching, 
and burning, but the malady was never attended by disturbance of the general 
health. I have not seen this form of eruption extend beyond the areola, and only 
once have seen it pass into a deeper ulceration of the skin after the manner of 


a rodent ulcer. 


a 





Fig. 1.—Sir James Paget. 


In some of the cases the eruption has presented the characters of an ordinary 
chronic eczema, with minute vesications, succeeded by soft, moist, yellowish scabs 
or scales, and constant viscid exudation. In some it has been like psoriasis, dry, 
with a few white scales slowly desquamating ; and spreading far beyond the areola 
in widening circles, or, with scattered blotches of redness, covering nearly the 
whole breast. 

I am not aware that in any of the cases which I have seen the eruption was 
different from what may be described as long-persistent eczema, or psoriasis, or 
by some other name, in treatises on diseases of the skin; and I believe that such 
cases sometimes occur on the breast, and after months’ duration are cured, or 
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pass by and are not followed by any other disease. But it has happened that in 
every case which I have been able to watch, cancer of the mammary gland has 
followed within at the most two years, and usually within one year. The eruption 
has resisted all the treatment, both local and general, that has been used, and has 
continued even after the affected part of the skin has been involved in the can- 
cerous disease. 

The formation of cancer has not in any case taken place first in the diseased 
part of the skin. It has always been in the substance of the mammary gland, 
beneath or not far from the diseased skin, and always with a clear interval of 
apparently healthy tissue. 

In the cancers themselves, I have seen in these cases nothing peculiar. They 
have been various in form; some acute, some chronic, the majority following an 
average course, and all tending to the same end; recurring if removed, affecting 
lymph glands and distant parts, showing nothing which might not be written in 
the ordinary history of cancer of the breast. 

The single noteworthy fact found in all these cases is that which I have stated 
in the first sentence, and I think it deserves careful study. For the sequence of 
cancer after the chronic skin disease is so frequent that it may be suspected of 
being a consequence and must be always feared, and may be sometimes almost 
certainly foretold. 


The accuracy and completeness of Paget’s original observations have 
left nothing unsaid concerning the clinical phases of the disease. 

The first histologic studies of the disease were recorded in 1876 by 
Butlin,*? who believed that he could demonstrate a direct relationship 
between the lesion on the surface and that in the breast. He inferred 
that the eczema was primary and the deeper changes secondary. 
Butlin’s observations were subsequently confirmed by Bowlby * (1907). 

The most active interest in the subject was aroused in 1899, when 
Darier * announced the discovery that Paget’s disease of the nipple was 
due to “psorosperms.” After further studies, however, Darier reached 
the conclusion that the abnormal cellular elements which he had inter- 
preted as being Coccidia were nothing more than epithelial cells that had 
undergone a special kind of degeneration, to which he applied the term 
“dyskeratose.”” The histologic features associated with this state are 
described by Darier as consisting of epithelial changes in which some 
of the malpighian cells become isolated and differentiated from the 
adjacent cells. These cells fail to undergo normal hornification and 
tend toward individual and special morphologic and chemical alterations. 
After numerous contradictory reports, it was finally demonstrated that 


3. Butlin, H. J.: On the Minute Anatomy of Two Breasts, the Areolae of 
Which Had Been the Seat of a Long-Standing Eczema, Med. Chir. Tr. London 
59:107, 1876. 

4. Bowlby, A. A.- Surgical Pathology and Morbid Anatomy, ed. 5, London, 
J. & A. Churchill, 1907. 

5. Darier, J.: Sur une nouvelle forme de psorosperniose cutane; la maladie 
de Paget du mamelon, Compt. rend. Soc. de biol. (ser. 9) 1:294, 1889. 
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the bodies described by Darier and also by Wickham °* were hydropic, 
vacuolated cells and not parasites. 

Darier’s theory that “Paget’s cells” are malpighian cells that have 
become segregated and have undergone dyskeratosis was attacked by 
Pautrier,” who expressed the belief that Paget’s cells are truly neoplastic 
cells with power of invasion. Pautrier concluded that Paget’s disease 





Fig. 2—The point of exit of a mammary duct on the surface of the nipple, 
the probable site of origin of Paget's disease of the nipple. The funnel-shaped 
opening contains a plug of desiccated epithelial cells and sebum. Note the two 
sebaceous glands. 


of the nipple is not a mere precancerous dyskeratosis, but a genuine 
epidermotropic cancer, symptomatic of carcinoma of the breast. 


6. Wickham, L.: Anatomie pathologique et nature de la Paget du mamelon, 
Arch. de méd. expér. d’anat. path. 2:46, 1890. 


7. Pautrier, L. M.: Paget’s Disease of the Nipple, Arch. Dermat. & Syph. 
17:767, 1928. 
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The precise nature and origin of the peculiar cells to which the term 
“Paget’s cells” is applied has always been and still remains a subject of 
active controversy and varied opinions. It is to a large extent on the 
histogenetic interpretation of these cells that a knowledge of the nature 
of the disease depends. 

On the basis of studies of early lesions which seemed to be limited 
to the epidermis Unna® concluded that Paget’s cells are peculiarly 
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Fig. 3.—Paget’s disease of the nipple, apparently beginning in the basal layers 
of the epidermis. The epithelial cells have become loosened and somewhat dis- 
arranged. Paget's cells are visible at several points. These morphologic appear- 
ances are not conclusive, and the whole picture may be one of an invasion of the 
epidermis by malignant cells of an intraduct carcinoma. 


edematous epithelial cells arising in the epidermis. Hannemiiller and 
Landois® and also Gaarenstroom’® concurred in this opinion. 


8. Unna, P. G.: Histopathologie der Hautkrankheiten, Berlin, A. Hirschwald, 
1894, 

9. Hannemiiller, K., and Landois, F.: Paget’s Disease of the Nipple, Beitr. 
z. klin. Chir. 60:296, 1908. 

10. Gaarenstroom: Nederl. tijdschr. v. geneesk. 1:312, 1913. 
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Winiwarter ** saw definite transitional stages between epithelial cells 
and Paget’s cells, and concluded that Paget’s cells are of epidermic 
origin. By special cytologic studies Ludford** recently arrived at 
the same conclusion. 

Ewing ** stated that the long duration of the disease, the wide and 
superficial extent of the lesion, the occurrence of Paget’s disease else- 
where than in the breast and the long absence of any definite tumor 
render it unlikely that the disease is a peculiar form of invasion of the 
skin by carcinoma of the ducts and pointed out that in those cases in 
which the epidermis is invaded by the mammary cancer the invasion 
rarely takes the form of Paget’s disease. 

Ewing expressed the belief that Paget’s disease occurs in two forms: 
1. The characteristic changes in the epithelium affect the epidermis 
about the nipple, but do not extend deeply into the milk ducts. There 
is no tumor of the breast. The progress is slow and the prognosis 
favorable. 2. A rapidly progressive carcinoma of the breast, probably 
arising from the ducts, extends through the nipple to the skin and 
spreads widely over the breast. There is usually no definable tumor. 
The course of the disease is rapid and the prognosis highly unfavorable. 

Bloodgood '* was of the opinion that the disease begins in the 
epidermis of the nipple, and that the involvement of the ducts in the 
breast is secondary. Kilgore,’® in studies of Bloodgood’s material, con- 
firms this view. 

Arnd * stated the belief that Paget’s disease of the nipple is a 
precancerous condition similar to Bowen’s “precancerous dermatosis.” 
He was of the opinion that the cells are neither autochthonous car- 
cinomatous cells nor cells that have wandered in, but are overgrown 
cells that owe their bladder-like formation to their richness in glycogen. 
These cells he believed can develop multicentrically in the epidermis. 

In a recent contribution Drake and Whitfield '* described a case of 
Paget’s disease of the vulva. Careful histologic study of the lesion 
showed that the disease began in the basal layer of the epidermis at 
more than one point. Invasion of the fibrous tissue took place only 


11. Winiwarter, V.: Arch. f. Dermat. u. Syph. 85:239, 1907. 

12. Ludford, R. J., cited by Cheatle (footnote 29). 

13. Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928. 

14. Bloodgood, J. C.: Paget’s Disease of the Female Nipple, Arch. Surg. 8: 
461, 1924. 

15. Kilgore, A. B.: Is Paget’s Disease of the Nipple Primary or Secondary 
to Cancer of the Underlying Breast? Arch. Surg. 3:324, 1921. 

16. Arnd: Virchows Arch. f. path. Anat. 261:700, 1926. 

17.Drake, J. A., and Whitfield, A.: Paget’s Disease of the Vulva, Brit. J. 
Dermat. 41:177, 1929. 
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from the epidermis of the surface downward. The authors expressed 
the belief that “Paget’s cells” arise autochthonously in the basal layer 
and are detached and carried up between the normal prickle cells until 
eventually they reach the horny layer. Drake and Whitfield objected to 
the term “precancerous” and pointed out that in Paget’s disease there 
are present three conditions that denote malignancy: namely, invasion, 
anaplasia of the tumor cells and progressive destruction of surrounding 
normal tissues. They concluded that as all these conditions are asso- 
ciated in “Paget’s disease,” even though the progression is so slow as 
to be almost stationary the disease is an indolent form of carcinoma. 

The conception that the lesion on the surface in Paget’s disease of 
the nipple is secondary to carcinoma in the breast was first advocated 
by Thin?*® in 1881. This publication marks the beginning of a pro- 
longed controversy which to a considerable extent still persists as to 
the site of origin of Paget’s disease of the nipple. This view has been 
adopted by numerous authorities, including Jacobaeus,’® Ribbert,*° 
Kyrle,?" Hannemiiller and Landois,’ Muir,?* Handley,** Schambacher,** 
Dietrich,*® Hirschel,*® Schmidt,?’? Arzt and Kren ** and others. 

Ribbert *° agreed with Jacobaeus ** that the breast is always involved 
first, the neoplasm reaching the epidermis of the nipple by spreading 
through the ducts. The adherents to this view point out that histologic 
pictures resembling Paget’s disease are seen when the skin is invaded 
by a deep-seated carcinoma from below. Thus Borst described the 
histologic features of Paget’s disease in the epidermis surrounding a 
carcinoma of the lip. The opponents of this view point out that histo- 
logic pictures resembling Paget’s disease as a rule do not occur when 
a deep-seated mammary carcinoma affects the nipple (Ewing,’® 
Cheatle,?® Deaver and McFarland *°). 


18. Thin, G.: On the Connection Between Diseases of the Nipple and Areola 
and Tumors of the Breast, Tr. Path. Soc., London, 32:218, 1881. 

19. Jacobaeus, H. C.: Virchows Arch. f. path. Anat. 178:124, 1904. 

20. Ribbert, H.: Ueber der Pagetkrebs, Deutsche med. Wehnschr. 31:1218, 
1905; Beitrage zur Entstehung der Geschwiilste, Bonn, F. Cohen, 1906. 

21. Kyrle, J.: Drusenkrebs der Mamma unter den klinischen Bilde von Paget's 
Disease, Arch. f. Dermat. u. Syph. 83:187, 1907. 

22. Muir, R.: Paget’s Disease of the Nipple and Its Relationships, J. Path. 
& Bact. 30:451, 1927. 

23. Handley, W. S.: On Paget’s Disease of the Nipple, Brit. J. Surg. 7: 
183, 1919-1920. 

24. Schambacher, A.: Deutsche Ztschr. f. Chir. 80:332, 1905. 

25. Dietrich: Verhandl. d. deutsch. Path. Gesellsch. 17:329, 1914. 

26. Hirschel: Beitr. z. path. Anat. u. z. allg. Path. (supp.) 7:573, 1905. 

27. Schmidt, M. B.: Miinchen. med. Wchnschr. 59:22, 1912. 

28. Arzt and Kren: Arch, f. Dermat. u. Syph. 148:254, 1925. 

29. Cheatle, G. L.: Paget’s Disease of the Nipple, Brit. J. Surg. 11:295, 1923. 

30. Deaver and McFarland: The Breast: Its Anomalies, Its Diseases and 
Their Treatment, Philadelphia, P. Blakiston’s Son & Company, 1917. 
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Handley ** believed that carcinoma precedes and causes Paget's 
disease on the surface. Thus Handley considered that carcinoma begins 
in the smaller ducts of the breast and usually, without producing a 
palpable tumor, widely permeates the lymphatic vessels of the nipple. 
According to this view, the changes that occur on the surface of the 
nipple are due to edematous swelling of the papillae of the dermis 
resulting from lymphatic obstruction. 

The view that the disease is merely an extensive intra-epidermal inva- 
sion of the nipple from a primary carcinoma in the underlying breast 
has been specially advocated by Jacobaeus,’® Ribbert,*° Schambacher,* 
Masson ** and more recently Muir.** 

Masson *' raised the question as to the nature of “Paget’s cells” and 
expressed the belief that Paget’s disease is an epithelioma that has 
originated in the epithelium of the openings of the ducts. For a long 
period the disease affects only the epidermis, subsequently invading the 
connective tissue. During the whole period of this invasion of the 
epidermis it is neither a dyskeratosis nor a precancerous lesion, but a 
carcinoma. By careful examination of the lesions in Paget’s disease he 
has been able to discover, besides the spherical cells, other cells with a 
more or less lobed cytoplasm comparable to that of leukocytes in motion. 

The belief that malignant epithelial cells are endowed with the prop- 
erty of ameboid-like motion has been expressed by various investigators, 
particularly by Muir. Muir ** believed that both Paget’s disease of 
the nipple and the outbreak of carcinoma in the upper ducts of the 
breast are parts of the same process. He considered that ‘‘Paget’s cells” 
do not originate in the epidermis of the nipple, but that the lesion in 
the epidermis represents a direct intra-epithelial invasion by malignant 
cells from carcinoma in the upper ducts of the nipple. He noted a 
marked similarity in appearance between the altered cells in the epider- 
mis and those in the deeper ducts. The advance of the epithelium of 
the ducts occurs, according to Muir, by direct intra-epithelial invasion, 
as well as by an “‘undermining process.” Microscopic appearances are 
depicted, which are interpreted as demonstrating this method of spread. 
Muir also believed that a squamous epithelioma arising in the epidermis 
may also spread in and among the epithelium of the epidermis. Dunn * 
reported a case of carcinoma of the anus containing mucigenous cells, 
in which this peculiar migration of carcinomatous cells apparently had 
occurred. Fraser ** (1928) reported microscopic studies of two speci- 
mens of Paget’s disease of the nipple, the results of which seem to 
support Muir’s theory. 


31. Masson, P.: Bull. Soc. franc. de dermat. et syph. 32:6, 1925. 

32. Dunn, Shaw, cited by Cheatle (footnote 29). 

33. Fraser, J. F.: Bowen’s Disease and Paget’s Disease of the Nipple: Their 
Relation to Dyskeratosis, Arch. Dermat. & Syph. 18:809, 1928. 
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In 1923, one of us (Dr. Cutler **) described eight cases of Paget's 
disease of the nipple in which the breast was examined by cutting 
serial sections of the whole gland. <A ninth case was reported the 
following year (1924). Based on these studies this one of us felt 
justified in stating the following conclusions: 1. Paget’s disease of the 
nipple is carcinoma. 2. Carcinoma in the breast, with which Paget's 
disease of the nipple is usually associated, is a primary carcinoma of the 
epithelium of the breast. 3. The connection between the two lesions 
is that the agent which is inducing Paget's disease on the surface is 
also concerned in inducing primary carcinoma in the epithelial cells of 
the underlying breast, which is reached by means of the mammary ducts. 

Cases of Paget's disease in situations other than the nipple and 
areola yield important information as to the nature of the disease, par- 
ticularly as regards its histogenesis. Thus the involvement of extra- 
mammary structures by Paget’s disease is regarded by some as 
formidable evidence against the theory that Paget’s disease on the sur- 
face of the nipple is secondary to carcinoma in the deeper structures of 


the mammary gland. 

In 1910, Hartzell ** reported a case of Paget’s disease of the forearm 
in which a diagnosis of eczema had been made. Histologic examination 
showed typical Paget’s disease in the periphery of the lesion and 
melanoma in the central ulcerated portion. The lesion had begun in a 
pigmented mole which had been traumatized. Hartzell collected from 


the literature reports of eighteen cases of extramammary Paget's dis- 
ease. The diagnosis in some of these examples is highly doubtful. 
Further compilations from the literature were made by Deaver and 
McFarland * in 1918 and by Pautrier* in 1928. The following 
résumé has been taken partly from these sources. 

Crocker *° is credited with having recorded the first observation of 
extramammary Paget’s disease in 1887. The glans penis and scrotum 
were affected in a man, aged 61. There is some question as to whether 
this lesion may not have been a carcinoma having its origin in a sweat 
gland. 

Darier and Couilland ** (1893) reported a case of Paget’s disease 
of the anus and perineum. In Tommasoli’s ** case the disease affected 
the penis of a man, aged 56. Here the histologic diagnosis was not 
absolutely positive. In 1894, Ravogli** reported a case of Paget’s dis- 


34. Hartzell, M. B.: J. Cutan, Dis. 28:8, 1910, cited, Arch. f. Dermat. u. 
Syph. 104(52):355, 1910. 

35. Crocker, quoted by Fox and MacLeod: Tr. Path. Soc. London 40:187, 
1889, 

36. Darier and Couilland: Bull. Soc. frang. dermat. et syph. 4:25, 1893. 

37. Tommasoli: Gior. ital. d. mal. ven. 28:542, 1893. 

38. Ravogli: J. Cutan. Dis. 12:222, 1894. 
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ease affecting the nose of a man, aged 67. The lesion was of six years’ 
duration. Winfield * (1896) reported a case in which the disease 
affected the mucocutaneous surface of the lower lip and had lasted four 
years. The true nature of the disease in both these cases is in doubt. 
The case of Rollestone and Hunt *° in which the pubes was the seat of 
a lesion of eight years’ duration is not clearly one of Paget’s disease. 
Dubreuilh’s ** patient was a woman, aged 51; the lesion affected the 
vulva and was present for three years. In the case recorded by 
Fordyce ** the lesion affected the buttock of a woman, aged 60, and had 
lasted six years. Holzknecht ** reported a case in which the axilla had 
been the seat of Paget’s disease for twelve years. Fox and MacLeod “ 
reported Paget’s disease of the umbilical region of eleven years’ duration 
in a man, aged 65. Rosenberg’s ** patient was aged 70; the lesion 
affected the vulva. Milligan’s ** patient, a woman, aged 31, suffered 
from Paget’s disease of the umbilical region and was cured by radium. 
In Sequeira’s *? patient, a man, aged 82, Paget’s disease affecting the 
glans penis, and carcinoma of the bulbus urethra was found at autopsy. 
Towle ** reported a case of Paget’s disease of twenty-five years’ dura- 
tion affecting the interscapular region. 

Satani’s *® case is of considerable interest. The lesion occurred in 
the axilla of a man, aged 74, and was of six years’ duration. The 
sebaceous glands had been invaded. The central part of the lesion was 
an epithelioma. The author was of the opinion that Paget’s cells may 
originate in epidermic cells or cells of the sebaceous glands. Drake 
and Whitfield,’’ after studying a case of Paget’s disease of the vulva, 
stated that the disease probably originates in the basal layer of the 
epidermis. 


CONSIDERATION OF SEVENTEEN BREASTS AFFECTED BY PAGET'S 
DISEASE OF THE NIPPLE 


We have studied seventeen cases of Paget’s disease of the nipple in 
which radical mastectomy had been performed. Serial sections of the 
whole nipple and breast were subjected to microscopic examination. 


39. Winfield: Brooklyn M. Soc., 1896. 

40. Rollestone and Hunt: Tr. Path. Soc., London 48:211, 1897. 
41. Dubreuilh: Brit. J. Dermat. 13:407, 1901. 

42. Fordyce: J. Cutan. Dis. 21:567, 1903. 

43. Holzknecht: Wien. klin. Wechnschr. 16:1318, 1903. 

44. Fox and MacLeod: Brit. J. Dermat. 16:41, 1904. 
45. Rosenberg: Monatsch. f. prakt. Dermat. 49:235, 1909. 
46. Milligan: Brit. J. Dermat. 23:411, 1911. 

47. Sequeira: Tr. Roy. Soc. Med. 33:5, 1912. 

48. Towle: J. Cutan. Dis. 24:27, 1912. 

49. Satani: Brit. J. Dermat. 32:117, 1920. 
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The practical part of the investigation of these breasts was rendered simple 
and the topographic changes in them pictorially perfect by the method of cutting 
microscopic serial sections of the whole breast in each case. For purposes of 
gaining knowledge and demonstrating gross and minute changes in the breast no 
other process is so simple, exact and clear. A method fulfilling these require- 
ments is more essential in the study of Paget's disease than in the study of any 
other in view of the fact that so much confusion exists in the minds of pathologists 
as to the precise conditions in the underlying breast. Small and apparently insig- 
nificant areas are actually often the seat of important pathologic changes, which 
can be easily missed by the method of cutting small sections and which are easily 
demonstrated by the method of cutting whole sections. Both means of investiga- 
tion are laborious, but the method of whole sections is the more simple of the two. 


THE CLINICAL SIGNS EVOKED BY THE PATHOLOGIC PROCESS 


Paget’s disease of the nipple affects other parts of the body as well 
as the structure from which it derives its title. Besides the nipple, the 
prepuce, the skin and the vulva have been described as its sites of origin. 
The disease is rare at any part. Perhaps the nipple is the commonest 
situation. It is more common in women than in men. 

The clinical signs associated with the disease are distinct and classic. 
The precise nature of the changes that cause the clinical signs is the sub- 
ject of controversy. Different observers describe different changes as 
being causal. If all these observers are correct, it must be assumed 
that different changes can cause the same clinical signs. 

The present time does not appear to be ripe for a dogmatic state- 
ment on the subject. At present the solution of the matter depends on 
morphologic appearances to which different interpretations can be justly 
applied. Some conclusive help may be gained in this direction when all 
the cells taking part in the process or processes have been subjected to 
the scrutiny of expert cytologists. The disease is so rare that we have 
been able to subject only one case to an efficient cytologic examination 
since we have come to this conclusion. The results of this cytologic 
examination, conducted by Dr. R. J. Ludford,’* are so important in 
many ways that it may greatly assist the solution of the problem so far as 
morphology can be valuable. Without finally being able to solve the 
matter, we shall attempt to reach as near the goal as we consider pos- 
sible. In the historical description of the disease the various authorities 
to whom reference will be made have been mentioned, as well as the 
conclusions that they have respectively reached. As the only features 
concerning which most authorities agree are the clinical signs, it would 
be well to describe these first. 

The clinical signs are as follows: Only one nipple is affected, and 
the change always begins on the surface at the top of the nipple. There 
is a dry, bright-red, raw-looking surface, covered here and there by 
small white scales. The area of disease spreads slowly, regularly and 
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centrifugally in all directions and may eventually occupy an extensive 
surface of the body. At the margins of the lesion, fresh, isolated, 
minute foci of the disease appear to arise spontaneously and subse- 
quently spread to join and enlarge the affected parts. The edges are 
firm and are defined on palpation. The scales are chiefly composed of 
shed degenerated epithelial cells. The cells are large and vacuolated ; 
their nuclei may be crescentic and marginal or round and central. They 
have been termed “Paget’s cells” and in former days were regarded as 
psorosperms. Lymphatic glands in the axilla of the side first affected 
may be enlarged. Other groups of lymphatic glands may also be 
affected as the disease reaches fresh areas of skin. These are the clinical 
signs that have evoked so many theories as to their cause. 

The probability is that the clinical signs of Paget’s disease of the 
nipple are most typical when the disease begins in and spreads from 
the epidermis of the opening of a duct or in the epidermis of the surface 
of the nipple. 

The following pathologic conditions have been included as causing 
the clinical signs that are characteristic of Paget’s disease of the nipple: 
(1) carcinoma of the epidermis of the surface of the nipple; (2) 
carcinoma arising in the squamous epithelium in the opening of a duct; 
(3) carcinoma arising in the columnar epithelium in the region of the 
upper part of a duct, and (4) carcinoma arising in the depths of the 
breast, metastatic deposits from which have reached the epidermis of 
the nipple by spreading upward from the subepidermic connective tissue. 
In early and sometimes in late conditions the seat of origin in conditions 
1, 2 and 3 is clearly distinguishable. 

The difficulty of determining by morphologic examination alone 
which of these conditions is present in any particular instance is mani- 
fested on consideration of the following possibilities: 1. Squamous 
cells when they become carcinomatous may at once lose all morpho- 
logic evidence of their origin. 2. It is impossible to say whether 
glandular epithelium of the breast does or does not lose morphologic 
indications of its origin when the cells reach and spread in the epidermis. 
It is impossible to say that carcinomatous cells have not arisen in 
glandular epithelium of the breast merely because there is no cytologic 
evidence of their being secretory. A carcinomatous cell arising from 
mammary epithelium may lose its biologic secretory function when it 
reaches and spreads among epidermic cells. 


SITE OF ORIGIN AND NATURE OF THE PATHOLOGIC PROCESS 
In all of our seventeen examples the disease began in the surface at 


the top of the nipple. There is only one set of structures in the top of 
the nipple and nowhere else in its construction: the exits of the mam- 
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mary ducts. The probability is that the disease begins in these openings 
of ducts. The openings of the ducts are usually plugged by desiccated 
shed epithelial cells and sebum. The constant presence of the plugs may 
act as an irritant and also as an aid to the entrance of other irritants. 
The lowest layer of epidermis contains pigmented cells, the presence 
of which may serve the purpose of some authors in correlating the 
epithelial neoplasia that occurs in Paget’s disease with melanoma. All 
observers are also agreed on the following points: 


1. The pathologic changes exhibit their least advanced stage at the 
extreme margins of the rash, and occur in the lower and basal layers of 
the epidermis. 

2. So-called “Paget’s cells” are present throughout the lesions. They 
are present in greater numbers and are more typical in the least advanced 
stage of the disease, viz., at the margin, than they are in the older parts 
of it. 

3. In the older parts of the lesion there commonly occurs an epithe- 
lial neoplasia that looks malignant, although it is confined within the 
normal boundaries of the epidermis. 


4. The nipple disappears as a prominence on the surface of the 
lesion. Its disappearance is due, in most instances, to its retraction. 
Its retraction is due to the contraction of cicatricial tissue that forms in 
subepidermal connective tissue at its surface and around the openings of 
the ducts. 

5. Accompanying the rash on the surface there are changes in the 
subepidermal connective tissue. They occur early and simultaneously 
with the least advanced changes at the margins of the rash. The situa- 
tion of their earliest manifestations is between the elastica and the 
epidermis. By means of these changes, either the epidermis is raised 
or the elastica is depressed downward. In this situation the scene is 
one of activity. Plasma cells accumulate in great numbers. Lympho- 
cytes and macrophages also collect, and recently formed connective tissue 
increases in number with the age of the lesion. The elastica undergoes 
diffuse and scattered hyperplasia, which is more marked in some 
instances than in others. It can always be traced in continuity with the 
normal elastica beneath the epidermis and around the mammary ducts. 
In later stages the fibers of the elastica entangle the plasma cells, 
lymphocytes and macrophages. Polymorphonuclear leukocytes are also 
present. The most marked feature, however, is the great numbers of 
the plasma cells. 

The controversy rages between two chief theories: The first is that 
the disease is purely epidermic in origin. This involves subsidiary 
theories: (a) that it is a degenerative process, and (0) that it is a proc- 
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Fig. 4.—Highly atypical and malignant-looking epithelial neoplasia filling and 
distending the upper part of a duct near the surface in Paget’s disease of the 


nipple. The process is still confined within the walls of the duct (intraduct car- 
cinoma). 
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ess of epithelial neoplasia. The second theory is that all the component 
parts of Paget’s disease are malignant cells of a carcinoma of the ducts, 
which have spread among the normal epidermic cells. A discussion on 
these two points would be long, involved, tedious and inconclusive, for 
the chief reason that morphologic appearances are not decisive enough 
to be generally convincing. 

We believe that our seventeen cases demonstrate that : 


1. The clinical signs of Paget’s disease of the nipple can be caused 
by changes in the epidermic cells alone. ‘‘Paget’s cells” can be traced 
in their development from epidermic cells through all stages of their 
formation. 

2. We cannot convince ourselves that the formation of “Paget's 
cells” and the early separation of basal epidermal cells from each other 
are preliminary to malignant disease of these cells, although we have no 
evidence to the contrary. 

It is difficult, by morphologic examination alone, to be sure of the 
origin of a cell after it has become malignant; and it is a question 
whether a mild form of malignancy of an epidermic condition can be 
established—as Whitfield and Drake believe it can be—by the frequent 
occurrence of mitosis in epidermic cells, in a constantly and widely 
progressing epidermic disease. All that can be said of the matter is 
that these authors may be right, and that no one can contradict them 
in the present state of morphologic knowledge. 

3. Our seventeen cases confirm Professor Muir’s statement that in 
the majority of instances the clinical signs of Paget’s disease of the 
nipple are associated with an invasion among epidermic cells by malig- 
nant cells that have spread from a carcinoma in the columnar cells in 
the extremity of a duct. These cases show that associated with this 
invasion there are also, in the majority of instances, the characteristic 
pathologic changes in the epidermic cells. 

We believe it is probable that the classic clinical signs of the disease 
cannot be evoked in these examples of invasion unless they are asso- 
ciated with the purely epidermic changes also. 

When the two processes coexist, it is impossible to state which was 
the first to appear. 

Special cytologic studies of a case of Paget’s disease of the nipple 
conducted by R. J. Ludford ** have yielded information of paramount 
importance as to the histogenesis of the lesion. Ludford was able 
to demonstrate that the sessile convex lumps in the mammary region 
were composed of mammary carcinomatous cells. He also showed that 
in the wide marginal zone that exhibited the classic signs of Paget’s 
disease there was no evidence of epithelial neoplasia. In this zone he 
discerned epidermic cells in all stages of alteration into “Paget’s cells.” 
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The process is not neoplastic, but degenerative. The conclusion is that 
degeneration of epidermic cells can cause all the clinical signs of Paget’s 
disease. 

The degenerative process in the epidermis has been attributed by 
some authors to lymphatic obstruction caused by the plugging of sub- 
jacent lymphatic vessels by carcinomatous cells.. To this view we are 
fundamentally opposed, since we have in our possession many examples 
in which these lymphatic vessels are plugged by carcinomatous cells 
with no Paget’s disease of the nipple. We have also other examples in 
which the whole of the basal areas of the nipple itself are occupied by 
dense masses of carcinoma, while the epidermis of the nipple is normal. 
There are examples of Paget’s disease in other areas of the body where 
there is no plugging of lymphatic vessels by carcinomatous cells. 

We draw attention here to a fact that seems to be invariably 
neglected in descriptions of Paget’s disease of the nipple. The fact is 
lost sight of in the confusion and controversy arising from the attempt 
to explain the causes of the clinical signs of Paget’s disease. Yet from 
an etiologic point of view the fact is important and significant. The 
fact is this, and Muir ** agrees that this is a fact: In the depths of the 
breast three kinds of epithelial neoplasia often occur totally unconnected 
with spread of disease or transplantation of disease from elsewhere: 
(1) papillomas in the ducts, (2) malignant looking epithelial neoplasia 
in terminal ducts and acini and (3) carcinoma arising from a primary 
tumor. in the terminal ducts and acini. It is from this carcinoma that 
the secondary depesits are usually derived when the lymphatic glands 
contain carcinomatous cells in Paget’s disease of the nipple. The 
observation logically suggests that the agent inducing the epithelial neo- 
plasia in the depths of the breast reached that situation either by passing 
down the ducts or by being borne there by the blood from the disease on 
the surface. 

The first part of the problem to be dealt with is the question 
whether or not the changes in the breast are connected with the 
changes in the lesion at the surface. It may be said at once that morpho- 
logic appearances alone prove that there is a direct connection between 
the two. The connection has a distinct bearing on the etiology of 
carcinoma in the breast, in particular, and on the problem of carcinoma, 
in general. 

Whatever is the true explanation of ‘“Paget’s cells” and of the 
malignant epithelial neoplasia with which they are definitely correlated 
there can be no doubt that these two processes may be limited to the 
epidermis of the nipple and of the openings of the ducts on its surface 
and to the upper ducts. From our point of view, the most remarkable 
fact about the disease is that deeper down in the breast, after long 
intervals during which the ducts are normal, papillomas may form in 
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Fig. 5.—Paget’s disease on the surface of the nipple, and carcinoma affecting 
the upper part of a duct, which is filled with an atypical epithelial neoplasia of 
highly malignant appearance. 
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the ducts, and that in the terminal ducts and acini epithelial neoplasia 
forms spontaneously in the epithelium that lines these structures. The 
neoplasia may look benign, it may look malignant and be confined within 
normal boundaries and it may be in a state of carcinoma. When these 
changes appear spontaneously in the peripheral parts of the gland, they 
almost invariably lead to the same upper parts of the ducts in which 





Fig. 6.—Paget’s disease on the surface of the nipple; upper part of a duct 
and its opening on the surface filled with malignant-looking epithelial neoplasia. 
Note the anatomic continuity between the disease on the surface and that in the 
duct, also the intra-epidermal spread of malignant cells into the squamous epithe- 
lium of the opening of the duct. 


Paget’s disease exists. In all the seventeen cases, except one, epithelial 
neoplasia exists in the terminal ducts and acini which lead into, first, 
normal ducts and finally into the Paget’s disease on the surface. While 
emphasizing this relationship between the disease in the upper regions 
and that in the underlying regions of the breast, we do not intend to 
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Fig. 7.—Epithelial neoplasia of malignant appearance in three ducts and the 
acini of one of them after a long interval during which the ducts were normal. 
The upper parts of these ducts were also the seats of a similar epithelial neoplasia 
which was continuous with typical Paget’s disease on the surface of the nipple. 
The problems here are: 1. Has carcinoma arisen multicentrically in these ducts? 
2. Did the carcinoma begin in one duct and spread intra-epidermally in the nipple 
till it reached the openings of these three ducts down which it continued to spread 
intra-epithelially ? 
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Fig. 8.—Paget’s disease of the nipple showing typical Paget's cells in the basal 
layer of the epidermis; upper parts of mammary ducts distended by highly atypical 
epithelial neoplasia of malignant appearance (intraduct carcinoma). 
intervals during which the ducts were normal, the terminal ducts and acini showed 
similar epithelial changes. 


After long 
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infer that the epithelial neoplasias in both situations are in the same 
biologic state of activity. The facts prove the contrary. 

The epithelial neoplasia in the upper regions remains for a consid- 
erable time confined within its normal boundaries, although it may be 
spreading beneath and among normal epithelial layers in these regions. 
Even when transgression of normal boundaries occurs, the invading cells 
remain localized and do not usually affect the axillary lymphatic glands. 
In other words, the disease in these upper regions usually remains 
locally malignant. When epithelial cells escape from the epithelial neo- 
plasia in the terminal ducts and acini, they rapidly affect the axillary 
lymphatic glands. When carcinoma in Paget’s disease involves 
lymphatic glands, the involvement is usually secondary to carcinoma in 
the terminal ducts and acini and not to the surface disease. Biologically 
the epithelial neoplasia that arises spontaneously in the lower regions is 
in a more highly malignant state of activity than that occurring in the 
upper regions of the same ducts. 

A subjacent carcinoma may induce necrosis. of epidermis without 
infiltrating it and cause an ulcer. In these instances there is no appear- 
ance of the classic signs of Paget’s disease. We have never seen an 
example of Paget’s disease accompanied by papillomatous carcinoma 
in a duct at the opening or immediately below the opening. The 
papillomatous tumors arising in these situations ulcerate the surface of 
the nipple, which exhibits no signs of Paget’s disease. The surfaces of 
these ulcers are not flat or scaly, and with a hand lens they are often 
seen to be composed of small sessile elevations. 

A subjacent carcinoma may infiltrate the epidermis of the nipple 
from below and finally lead to shedding of horny layers and give rise 
to another type of ulcer. This lesion may or may not cause the classic 
clinical signs of Paget’s disease. Microscopically it differs from Paget’s 
disease by the absence of epithelial neoplasia in the openings of the ducts. 

Why carcinoma infiltrating the epidermis of the nipple from below 
should give rise to clinical signs of Paget’s disease is probably explained 
by stating that the effect produce in the epidermis of the nipple and 
areola is different from that in the skin when it is infiltrated from 
below by a subjacent carcinoma. There are no signs of Paget’s disease 
in the skin that has been infiltrated by carcinoma from below. “Cancer 
en cuirasse” for example exhibits no signs of Paget’s disease. 

Another inquiry is pertinent at this point. Can any other type of 
carcinoma arising on the surface at the top of the nipple induce epi- 
thelial neoplasia in the terminal ducts and acini? Unfortunately, other 
types of carcinoma arising on the surface of the nipple are exceedingly 
rare. We have one specimen of carcinoma that occurred on the surface 
at the top of the nipple which began multicentrically in the sebaceous 


Ph ote F RAE PC Pas aves gh ok STEERS MOREE 2k DR) ol One RL Pn TE 2 ERDAS GON BS 








456 ARCHIVES OF PATHOLOGY 


glands. In the terminal ducts and acini of the breast underlying this dis- 
ease there is epithelial neoplasia of malignant appearance, although it 
is confined within normal boundaries. There is no spread of carcinoma 
into the upper regions of the ducts, although they opened onto the dis- 
eased surface. In this instance the etiologic question arises: Did the 
factor that induced carcinoma of the sebaceous glands on the surface 
also induce the malignant loeking epithelial neoplasia in the terminal 
ducts and acini of the breasts? 

Epithelial Changes.—The general impression gained by the inspec- 
tion of these cases supports the conception that carcinoma arising in 
the upper ducts proper and in the openings of ducts is associated with 
those changes that cause the clinical signs of Paget’s disease of the 
nipple. These clinical signs may accompany a carcinoma that has spread 
into the epidermis by direct growth, or they may be caused by a carci- 
noma of multicentric origin, arising spontaneously in the epithelium of a 
duct, the epithelium of the opening of the duct and also the epithelium 
in the epidermis of the nipple. Morphologic examination could explain 
all these observations equally well, and cannot assist in solving this 
problem. 

In this connection attention should be drawn to two types of exam- 
ples: 1. In one of the seventeen specimens there is no neoplasia in 
the superficial lesion ; all that is seen is the formation of “Paget’s cells” 
from the basal layer of epithelium in the epidermis of the nipple. 2. In 
a second specimen the same observations are to be made in the wide 
marginal zone of a lesion that is very extensive. These examples prove 
that the clinical signs of Paget’s disease of the nipple can be induced 
by the change of epidermic epithelium into “Paget’s cells.” The almost 
invariable association of these pathologic appearances with epithelial 
neoplasia renders the combination almost specific in inducing the classic 
signs of the superficial disease of Paget in its relation to the nipple. 
Morphologic appearances alone cannot always be decisive in solving 
whether the epithelial neoplasia is merely a spread into the epidermis 
from carcinoma elsewhere or whether carcinoma is beginning multi- 
centrically in the epithelial cells among which it is present. Examples 
of Paget’s disease of the nipple occurring in the skin in other parts of 
the body do not materially assist in the solution of this matter. 

Changes in Connective Tissue—Changes in the connective tissue in 
Paget’s disease chiefly concern (1) hyperplasia of the subepithelial con- 
nective tissue, (2) hyperplasia elastica and (3) accumulations of 
lymphocytes in the pericanalicular and periacinous tissues in different 
degrees of intensity. 


Hyperplasia of the subepithelial connective tissue throughout these 
breasts affects the ducts toward and including their acinous termina- 
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tions, which contain epithelial neoplasia. It may also be seen affecting 
the apparently normal parts of the breast in a regular, diffuse manner 
and without epithelial change. In some branches of the involved ducts 
hyperplasia of the subepithelial tissue is so marked and undergoes such 
extensive hyaline degeneration that no epithelial cells can be seen in 


them. 

When hyperplasia elastica occurs, it is usually present over the 
whole breast ; but in those ducts and acini that are affected by the neo- 
plastic epithelial hyperplasia it is so enormous as to render these 
particular parts discernible on macroscopic examination of the stained 
section of the whole breast. 

The accumulations of lymphocytes appear to follow no definite rule. 
They occur in the pericanalicular and periacinous connective tissue of 
ducts that contain neoplastic epithelial hyperplasia and around those in 
which the epithelium appears to be normal. They can also be seen in 
parts where carcinoma is rampant. In some instances lymphocytes can 
be seen spreading from these collections into the walls of a duct. The 
presence of these lymphocytes is secondary to the lesions occurring in 
the breast and cannot be taken to indicate factors predisposing to those 
lesions. 

CLINICAL CONSIDERATIONS 

Symptoms.—The disease is unilateral and begins on the surface at 
the top of the nipple as a scaly, infiltrated, bright-red patch. The nipple 
is sore, very often itches and sometimes is affected by a burning sensa- 
tion. It is sometimes moist and at other times dry. The base and 
margins of the lesion are hard, abrupt and well defined. Its irregular 
shape is due to the fact that occasionally some parts of it affect the skin 
more rapidly than others. The surface does not bleed, unless it is 
injured by rubbing or removal of adherent dressings. The spread is 
slow, and although the surface disease usually remains limited to the 
nipple and areola, it may extend far beyond these boundaries in all 
directions. As the disease progresses, the nipple becomes flattened and 
finally disappears either from atrophy or retraction. The lymphatic 
glands are not usually enlarged, and when they are, they do not usually 
contain metastatic cells, even though the Paget’s disease is extensive 
and of long duration. When the lymphatic glands contain metastatic 
growth, it is an undoubted sign that carcinoma exists in the underlying 
breast. In other words the epithelial neoplasia in Paget’s disease of 
the nipple is a slow locally infiltrating process and does not as a rule give 
rise to metastatic deposits. As indicated in foregoing paragraphs car- 
cinoma deep in the underlying breast is a common complication of 
Paget’s disease on the surface. When this complication is advanced, 
the condition of the underlying breast exhibits the signs usually asso- 
ciated with carcinoma of this gland. The carcinoma may exist without 
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revealing clinical signs. In fact, the disease in the subjacent breast may 
be so masked that its discovery is attainable only by careful microscopic 
examination of serial sections of the whole breast. (Eller and Ander- 
son °° found intraduct carcinoma in three cases of Paget's disease of the 
nipple. ) 

The slow development and progress of the epidermic lesion is 
characteristic of this disease. Examples of unusually long duration are 
recorded by various observers. Kaufmann *' noted a case in a woman, 
aged 85, in which the ulceration had been in progress for twenty years 
and covered the entire surface of the thorax. A similar case was 
described by Vignolo-Lutate.** Jamieson ** described a case in which 
Paget’s disease existed on the surface for twenty years without the 
occurrence of carcinoma in the underlying breast. Masland and 
Babcock ** (1899) reported a case in which the disease completely 
destroyed the nipple without the occurrence of carcinoma. 

One patient in the series on which our study is based was 72 years 
of age. The lesion began seven years previous to examination and 
covered a wide area of the anterior, lateral and posterior walls of one 
side of the chest. On microscopic examination the central portion of 
the lesion showed carcinoma. 

Diagnosis.—There are five chief conditions of the nipple and areola 
that must be differentiated from Paget’s disease of the nipple, namely: 
eczema; carcinoma that has invaded the nipple and areola from its 
origin in the subjacent breast ; carcinoma arising in the sebaceous glands 
on the surface at the top of the nipple; syphilis, and diffuse, chronic, 
subepithelial, possibly infective lesions of the nipple. 

Eczema is usually bilateral and more frequently occurs in younger 
people. Paget’s disease is always unilateral and occurs most commonly 
in persons between 40 and 60 years of age. The nipple in eczema 
retains its shape and prominence. In Paget’s disease it is flattened or 
retracted and gradually disappears as a structure of the surface. Eczema 
is intermittent and amenable to treatment; Paget’s disease is constant 
and slowly and continually progressive. The eczematous surface is soft 
and pliable and the margin of the lesion exhibits no induration on palpa- 
tion. The lesion in Paget’s disease is rigid, and its edges are hard and 


50. Eller, J. J., and Anderson, N. P.: Cancer Supervention in Skin Diseases: 
Clinical, Microscopic and Therapeutic Considerations, J. A. M. A. 94:382, 1930. 

51. Kaufmann: Pathology, tr. by Reiman, Philadelphia, P. Blakiston’s Son 
& Company, 1929, vol. 3, p. 1787. 

52. Vignolo-Lutate: Monatsch. f. prakt. Dermat. 45:21, 1909. 

53. Jamieson, W. A.: Diseases of the Skin, ed. 4, Edinburgh, Y. J. Pentland, 
1894, p. 537. 

54. Masland and Babcock: Internat. M. Mag: 8:81, 1899. 
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abrupt. From the dry parts of its surface scales can be scraped in 
which “Paget’s cells” can often be detected by microscopic examination, 
a feature of value in diagnosis. 

A carcinoma that has originated in the nipple or from the deeper 
parts of the underlying breast, or that has originated diffusely beneath 
the epidermis of the nipple, may be differentiated from Paget’s disease 
as follows: The tumor is not covered by a horny layer. In the 
undermined epidermis of the nipple there is no sign of Paget’s disease. 
Clinically, the appearance of the nipple may be exactly like that of 
Paget’s disease; the nipple is flattened, and the disease looks super- 
ficial; the lesion is rigid on palpation and has hard abrupt margins. It 
differs from Paget's disease in that no “Paget’s cells” can be detected 
in the superficial scrapings from its surface. The surface when ex- 
amined by means of a hand lens is usually covered by small sessile 
nodules and is not flat as in Paget’s disease. 

We have met with only one example of carcinoma arising in the 
sebaceous glands on the surface at the top of the nipple. 


It occurred on the left nipple of a widow, aged 52. The lesion measured 0.5 
cm. in diameter. ‘It was situated directly in the center of the surface at the top 
of the nipple, and had been first noticed by the patient six weeks before the breast 
was removed. The surface of the lesion was hard, and its edges were abrupt. 
The base was excavated and slightly lower than the surface of the nipple. A 
slight discharge of blood drew the patient’s attention to the lesion. The nipple 
was freely movable, not retracted and was even almost pedunculated. The lymph- 
atic glands were not affected, nor could any change be detected clinically in the 
small, atrophied underlying breast. On clinical examination, the disease differed 
from Paget's disease in one respect: No vacuolated epithelial cells, which are 
typical of Paget’s disease, were discovered in a scraping from the surface. 

Jeneath the epidermis, on the top of the nipple, along its whole extent, there 
was a collection of sebaceous glands large enough to justify the term “diffuse 
sebaceous adenomatosis.” The neoplastic epithelial hyperplasia was multicentric 
in origin and affected the ducts of five sebaceous glands, which were in an unin- 
terrupted row. Epithelial invasion of the surrounding tissues had occurred from 
all the sites of origin. In one place where the invasion was greatest, the car- 
cinoma had spread into the epidermis above, which had been in parts thrown off. 
Below the epidermis the carcinomatous cells were infiltrating the subjacent tissues 
from all five sites of origin. The lymphatic vessels were not invaded. The 
appearances were those of locally malignant tumors. There was no Paget’s dis- 
ease. In only one mammary duct, as it opened onto the surface, and for a little 
distance below, was there any change, and here it was in a state of desquamative 
epithelial hyperplasia. In some terminal ducts and their acini there was epithelial 
neoplasia that looked malignant, but that had not transgressed normal boundaries. 
Hyperplasia elastica had occurred in a marked degree throughout the whole 
breast. The subepithelial tissue had undergone diffuse hyperplasia, which in some 
parts was in a state of hyaline degeneration. There was some infiltration of the 
subepidermis by lymphocytes and plasma cells. The axillary lymphatic glands 
were free from carcinoma. 
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The absence of vacuolated cells was the only reason for excluding 
a diagnosis of Paget’s disease of the nipple. The precise nature of 
the carcinoma was determined only by microscopic examination. This 
specimen affords.another example of that interesting condition in 
which a superficial carcinoma is accompanied by an epithelial neoplasia 
of malignant appearance in the terminal ducts and acini, with no signs 
of intervening disease. 

Syphilis of the nipple may be difficult to differentiate from Paget’s 
disease. It manifests itself either in the early or the late stages. When 
the nipple is the primary seat of syphilis, it may, on inspection and 
palpation, closely resemble Paget’s disease of the nipple. We have seen 
two cases in which on incomplete examination of this kind a primary 
lesion was diagnosed as Paget’s disease of the nipple. In one case the 
true identity of the lesion was discovered only by the demonstration of 
spirochetes in the specimen after removal of the breast, and in the other, 
by a positive Wassermann reaction. In the second case, there was no 
retraction of the nipple. A third example is that afforded by a late 
syphilitic lesion. 

The lesion measured 4 cm. in diameter. The appearance of the nipple was 
remarkable. Half of its structure had disappeared. The remaining portion was 
not retracted in the slightest degree, but stood up in its normal position, and its 
diseased, lateral aspect looked as if the nipple had been divided by a sharp knife 
and half of it removed. The ulcer on the surface of the areola and nipple was 
superficial and was more or less rapidly getting larger. The base and the edge 
of the surface were pliable. The lymphatic glands in the axilla were enlarged 
and confluent. The disease was of six weeks’ duration and had begun at the 
angle of the junction between nipple and areola. The clinical history of syphilis 
was clear and unmistakable, and the ulceration disappeared rapidly under the 
administration of perchloride of mercury and potassium iodide. The disease was 
diagnosed and treated before the days of the Wassermann reaction. 


In the third case, the history of the patient and the clinical signs 
were sufficiently characteristic to enable the diagnosis of syphilis to be 
made. The patients suffering from primary syphilis of the nipple did 
not have a history and clinical signs so distinctive, and an erroneous 
diagnosis of Paget’s disease had been made. A more careful examina- 
tion in these two cases would have established a correct diagnosis. 

A careful correlation between the duration of the disease and the 
size of the lesion is an important point in the differential diagnosis. In 
syphilis of the nipple a short duration of the disease is associated with 
a comparatively large lesion. On the other hand, in Paget’s disease 
the progress is much slower, and a small lesion may be associated with 
a long history of its presence. Retraction or atrophy of the nipple 
usually accompanies Paget’s disease, but not syphilis. Finally, in the 
primary syphilitic lesion spirochetes may be discovered, unless antiseptics 
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have been previously applied, and the Wassermann reaction, which at 
first is negative, soon becomes positive. The detection of Paget’s cells 
in scrapings from the lesion may help to establish a correct diagnosis. 
In a suspected syphilitic lesion the therapeutic test may establish the 
diagnosis. 

Paget’s disease must be differentiated from diffuse, chronic, subepi- 
thelial, possibly infective lesions of the nipple. One of us has examined 
pathologically two breasts which had been radically removed on the 
assumption that there was Paget’s disease of the nipple. Complete 
pathologic examination of the nipple and breasts revealed no microscopic 
sign of this disease. The pathologic states were the same in both 
instances. The epidermis here and there was in a slightly papillomatous 
state. The subepithelial tissue of the whole nipple and areola was full 
of plasma cells, lymphocytes and scattered polymorphonuclear leukocytes. 
The fibrous tissue elements were also undergoing slight hyperplasia, 
accompanied by an increase in the supply of capillaries, and in these 
parts presented the appearances accompanying Paget’s disease of the 
nipple, but as stated, there was no Paget’s disease of the nipple. 

Differential Diagnosis —When the breast presents the classic clinical 
signs of Paget’s disease on the surface, a correct and decisive diagnosis 
can be made only by microscopic examination of the whole gland. As 
so many different interpretations have been -made of the morphologic 
changes that may occur, it would be well to state to which particular 
changes we are inclined to think the term “Paget’s disease of the nipple” 
should be limited. The usual pathologic events which seem to us to be 
the most typical of the disease, and to which we should be inclined to 
limit the term, are as follows: 1. “‘Paget’s cells” are being formed in 
epithelial cells of the epidermis and openings of ducts. 2. Malignant- 
looking epithelial neoplasia occurs in the epidermis of these structures 
and in the cavities of the openings of ducts. 3. This epithelial neoplasia 
may or may not be in direct continuity with epithelial neoplasia of 
malignant appearance in the upper reaches of the mammary ducts that 
terminate in the affected openings of ducts. 4. In the deeper parts of 
the breast there is either a highly suspicious epithelial neoplasia still 
confined within normal boundaries or carcinoma that may or may not 
be clinically obvious. 

The inclusion of all these combined pathologic events under the 
same term is important, because they usually exist in the same breast 
when the superficial clinical signs of the disease are present. In making 
this statement we are bearing in mind that the essential clinical features 
of the disease are caused either by the changes in the epidermis of the 
nipple and that of the openings of ducts or more rarely by changes 
in the epidermis of the nipple only. 
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The temptation to limit the term to those changes that are essential 
to cause the superficial clinical signs is a great one; it is all the greater 
because Paget’s disease of the nipple affects other parts of the body 
where there are no mammary ducts and acini to complicate matters. The 
disease as it affects the nipple is usually accompanied by changes in the 
ducts and acini. Their omission would leave out features which some 
authors consider are essential to cause the clinical signs on the surface. 





Fig. 9.—High power photomicrograph of figure 8 in which the morphologic 
appearances seem to indicate that the epithelial neoplasia is arising from the epi- 
thelium lining the duct. It certainly looks malignant, although at this point con- 
fined within normal boundaries. 


Treatment.—In the detailed and critical examination of our cases, 
we have adduced the fact that in six cases the clinical evidence was 
clear enough to establish the existence of carcinoma in the underlying 
breast. In ten cases carcinoma existed either in the upper regions only 
or in the deeper parts of the gland as well, although there was no 
clinical evidence of its presence, and its discovery was attained only by 
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careful and methodic microscopic examination of whole sections of these 
breasts. In the eleventh case there existed in terminal ducts and acini 
only a neoplastic epithelial hyperplasia which was confined within 
normal, but distended, boundaries. In this example there was no other 
sign of epithelial neoplasia either in the nipple or in any opening of a 
duct. This, therefore, is the only case in the series in which negative 
clinical signs in the breast were not accompanied by carcinoma, but even 


ithe! 
- bs 
Fig. 10.—Epithelial neoplasia of malignant appearance in terminal ducts and 
acini of breast presenting Paget's disease of the nipple. There was no clinical 
evidence of disease in this breast. There was no direct continuity between the 
carcinoma in the outlet of the duct and that in the acini, in which the carcinoma 
appears to have arisen spontaneously. 


here there was a malignant-looking neoplasia that was still confined 
within normal boundaries. From this evidence there can be no doubt 
that the treatment for Paget’s disease of the nipple is incomplete and 
inadequate unless it includes treatment for the condition in the under- 
lying breast, and on this preliminary statement of fact we base the rules 
which dominate the treatment for Paget’s disease of the nipple. 
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The temptation to adopt conservative measures in the treatment for 
Paget’s disease of the nipple occurs only in those cases in which clinical 
signs of disease in the underlying breast are absent. Our experience 
convinces us that this inclination is dangerous and contrary to the results 
of pathologic investigation and clinical evidence subsequent to conserva- 
tive measures. Even when the disease on the surface of the nipple is 
early and extremely small, it is only by microscopic examination of the 
excised breast that the absence of carcinoma can be established. Even 
under these circumstances the apparently normal underlying breast 
should be treated as if it contained carcinoma, because the epithelial 
neoplasia confined within and distending normal boundaries may exist 
in terminal ducts and acini, and its future behavior is too problematic 
to be disregarded. Directly, carcinoma exists in a breast the presence 
or absence of carcinoma in the axillary lymphatic glands is a matter of 
doubt, whether they are or are not enlarged. The treatment, therefore, 
at present lies between the total excision of the breast and its accessible 
lymphatic system and radiation therapy. 

There are two conservative measures in the treatment for Paget’s 
disease of the nipple: (1) removal of the surface disease only and (2) 
local mastectomy without removing the pectoral muscles or lymphatic 
glands in the axilla. With regard to the first, it is obvious from patho- 
logic investigations that in spite of the innocent appearance of the lesion 
on the surface of the nipple, the epithelium in the ducts and acini of the 
underlying breast exhibits malignant neoplastic changes with such regu- 
larity that removal of the surface lesion alone is an inadequate and 
dangerous procedure. Clinical evidence confirms the pathologic 
observations. 

The second conservative method, local mastectomy only, presents a 
more difficult problem and is open to the following considerations. The 
ultimate question is: How often are the axillary lymphatic glands 
carcinomatous when the breast and the axillary lymphatic glands appear 
normal on clinical examination? In the majority of instances, when 
the surface lesion is early, any disease in the underlying breast is still 
confined within normal boundaries. Under these circumstances the 
axillary lymphatic glands are free from carcinoma. We have never seen 
an instance in which a neoplastic epithelial hyperplasia, however 
malignant-looking, confined within normal boundaries was accompanied 
by carcinomatous lymphatic glands. There is no method, except that 
of microscopic examination of the breast, of determining whether or 
not the neoplastic epithelial hyperplasia is still confined within normal 
boundaries. In a very early case of Paget’s disease of the nipple in 
which the underlying breast and axillary lymphatic glands appear nor- 
mal on clinical examination, the justification of local mastectomy only 
must be considered as a possibility. There can be no doubt that in 
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capable hands the removal of the axillary glands at the same time 
that the breast is removed does not increase the danger of the opera- 
tion, and the performance ‘of the complete operation may save the 
life of a patient by removing the whole of the disease. Thus Bloodgood 
stated that there is only one operation for Paget’s disease of the nipple 
and that is the radical one. In a lesion of questionable diagnosis he 
believed that a local mastectomy is an illogical procedure on the grounds 
that it is too extensive an operation, if the lesion is benign, and too 
limited, if the lesion is Paget’s disease. With this statement we 
thoroughly agree. In the comprehensive paper in which Bloodgood ** 
described Paget’s disease of the nipple he convincingly demonstrated 
the necessity of establishing definitely that the disease of the nipple 
is Paget’s disease before the treatment is ordained. We have mentioned 
two cases in which breasts were removed on a diagnosis of Paget’s 
disease in which the diagnosis was proved wrong by subsequent micro- 
scopic examination. This raises the question of what steps should be 
taken in dealing with a doubtful case of Paget’s disease of the nipple. 

The ideal method obviously should be one in which there is no 
delay, which involves no risk of spreading the disease, if malignant, 
and which submits a result that is free from doubt. We have pointed 
out the value of discovering vacuolated cells of Paget’s disease in a 
superficial scraping. When the result of such an examination is nega- 
tive, the diagnosis is inconclusive. Under the latter circumstance the 
only means of diagnosis available is that of microscopic examination 
of a section. To remove the lesion and embed it in paraffin takes time 
and exposes the patient to the risk of dissemination of the disease. 
Is there then any other method that can be adopted? There can be 
no doubt that when frozen sections are properly made as a preliminary 
step to an immediate operation, their evidence can be almost as perfect 
as that of sections embedded in paraffin. 

Irradiation of the surface of the nipple showing Paget’s disease 
can accomplish a cure of this part. Examples of such cures are recorded 
by Haret,®® Hartzell ** and others. The guiding principles in the 
treatment for the surface lesion of Paget’s disease are essentially the 
same as those in the treatment for rodent ulcer, squamous epithelioma, 
etc. We have pointed out the fallacy of treating the patient for the 
lesion on the surface alone and disregarding treatment for disease in 
the underlying breast. In irradiating breasts showing Paget’s disease 
of the nipple the treatment must be aimed, not at the surface lesion 
alone, but at the disease in the underlying breast. This statement 


55. Haret, G.: Quelques cas de maladie de Paget traités par la radiothéripie, 
J. de radiol. et électrol. 3:416, 1918-1919. 
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applies to those examples in which clinical signs of carcinoma of 
the breast are absent, as well as to those in which clinical signs are 
apparent. Failure to treat adequately the underlying breast has resulted 
in the healing of the superficial disease and the subsequent development 
of carcinoma in the subjacent breast. An example of this kind is 
reported by Dobkevitch, Moulonguet and. Nahan.** The recurrence 
of the disease in the underlying breast five years after irradiation is 
attributed by the authors to the inadequacy of the irradiation of the 
underlying breast. 

Because of the radioresistance of the epithelial. neoplasia in the 
breast underlying Paget’s disease of the nipple it is highly questionable 
whether even a maximum amount of external irradiation is adequate 
to sterilize the neoplastic process. The difficulty of distributing foci 
of radium uniformly throughout the gland renders this method of 
irradiation also somewhat uncertain. 


56. Dobkevitch, S.; Moulonguet, P., and Nahan: Etude de la maladie de Paget 
du sein, Thesis, Paris, 1926. 





Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc.—Richard W. Linton has resigned as assistant professor of bacteriology in 
Columbia University in order to go to India to work on cholera under the 
auspices of the India Research Fund Association. 

Charles W. Stiles, chief of division of zoology in the National Institute of 
Health, United States Public Health Service, whose work on hookworm disease 
led to the present efforts at its eradication, will go on the retired list Oct. 1, 
1931, after having completed forty years of active service for the government. 

Col. Charles F. Craig will be retired from the medical corps of the army, 
at his own request, after thirty-three years of service, and next fall will take 
up the duties of professor of tropical medicine in Tulane University, New Orleans. 


Arthur F, Coca, professor of immunology in Cornell University Medical Col- 
lege, New York, has been appointed clinical professor of medicine in the New 
York Post-Graduate Medical School. On October 1, next, Dr. Coca will become 
medical director of the Lederle Laboratories. 

Earl Baldwin McKinley, professor of bacteriology in Columbia University and 
director of the school of tropical medicine at Porto Rico, has been appointed dean 
of the school of medicine of George Washington University, Washington, D. C. 


Hans Zinsser and David Marine have been given the degree of doctor of 
science, and James Ewing the degree of doctor of laws, by Western Reserve 
University. Eugene L. Opie has received the degree of doctor of science from 
Yale University. 

A. T. MacConkey, for many years head of the serum department of the 
Lister Institute in London and known to bacteriologists for his bile salt medium, 
has died at the age of 70. 


Aristide Agramonte, the last survivor of the United States Army yellow fever 
commission, has died at the age of 63. Dr. Agramonte graduated in medicine from 
the College of Physicians and Surgeons of Columbia University; he was pro- 
fessor of bacteriology in the University of Havana from 1900 until recently when 
he resigned and went to New Orleans to organize a department of tropical diseases 
in the new medical school of the Louisiana State University. 


Grant for Study of Renal Function.—It is reported that $100,400 has been 
appropriated by the Commonwealth Fund for study of the renal function by 
Alfred N. Richards, professor,of pharmacology in the University of Pennsylvania, 
whose method of microscopic examination of the functioning kidney of the frog 
is well known. 


International Association for Geographic Pathology.—The Association 
will hold its first conference in Geneva, Oct. 8 to 10, 1931. The program consists 
of a symposium on hepatic cirrhosis, including observations and the results of 
experimental studies collected by the national committees of the Association in 
twenty-six countries. 


Society News.—At its recent meeting the American Society of Clinical 
Pathologists elected the following officers: H. J. Corper, president; William M. 
Simpson, president-elect; C. J. Bucher, vice-president, and A. S. Giordano, 
secretary-treasurer. The Ward Burdick prize of the society was given to W. G. 
Exton, 

The Monaco prize of 100,000 francs, awarded every two years by the Academy 
of Medicine in Paris to aid some French investigator in his work, has been given 
to Martin R. Veillon of the Pasteur Institute for his work in bacteriology. 

It is reported that a Rockefeller grant of $45,000 has been given to Columbia 
University in aid of research on the common cold by A. R. Dochez and Yale 
Kneeland, Jr. 
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DOCTORATES IN BACTERIOLOGY AND PATHOLOGY 
GRANTED BY AMERICAN UNIVERSITIES, 1930-1931 


Clarence J. West and Callie Hull, Research Information Service, National 
Research Council, Washington, D. C. 


BACTERIOLOGY 


California: Bernard Stauffer Henry, “Studies on Dissociation in the Genus 
Brucella.” 

Chicago: Walter LeRoy Mallmann, “Studies on Bacillary White Diarrhea: 
The Dissociation of Salmonella Pullorum and Related Species.” 

Columbia: Mary Wotherspoon Colley, “Stimulation Phenomena in the Growth 
of Bacteria as Determined by Nephelometry.” 

Cornell: Henri Louis Berard, “The Relation of Contamination from Certain 
Sources to the Subsequent Bacterial Development in Milk.” Carl Adam Frey, 
“The Distribution of Acid-Fast Bacteria in Soils.” Harriet Mansfield Thomson, 
“Studies on Saprophytic Acid-Fast Bacteria.” 

Harvard: Thomas Patrician Hughes, “The Metabolic Requirements of Staphy- 
lococci and Certain Other Bacteria.” 

Illinois: Florence Lydia Evans, “The Effect of Sodium Chloride, Sodium 
Nitrate and Sodium Nitrite on Clostridium Botulinum, Clostridium Putrificum 
and Clostridium Sporogenes.” 

Iowa State College: Merle P. Baker, “Some of the Relationships Among 
Organisms in Butter Cultures.” Herbert Andrew Derby, “Bacteriological Studies 
on Butter Showing Surface Taint.” Charles Shelton McCleskey, “Some Observa- 
tions on Gas Production by Bacteria.” Michael B. Michaelian, “The Volatile 
Acids Formed from Citric and Lactic Acids by Streptococcus Citrovorus and 
Streptococcus Paracitrovorus.” Leonard Garnett Thompson, Jr., “The Effects of 
Various Nitrogen and Phosphorus Compounds on the Growth of Azotobacter and 
the Fixation of Nitrogen.” Maurice Wade Yale, “Studies on the Escherichia- 
Aerobacter Group of Bacteria in Dairy Products.” 

Johns Hopkins: Ottis Rembert Causey, “A Study of the Bacteria Associated 
with Blow-Flies and the Production of Sterile Larvae.” James Douglas Reid, 
“Specific Disinfection of Bacillus Pyocyaneus by the Organic Acids.” Sally 
Hamilton Stabler, “The Electropure Process of Milk Pasteurization.” 

Maryland: Arthur Kirkland Besley, “The Effect of Ozone on the Vitamin 
Content of Cod Liver Oil.” Wilbur G. Malcolm, “A Comparative Study of the 
Efficiency of Certain Germicides in the Preservation of Biologics.” Daisy Inez 
Purdy, “A Study of the Bacteriological Changes Produced During the Ageing of 
Cured Hams.” 

Minnesota: Paul Clifford Leck, “The Relation of Fatty Acids and Lipoids to 
Neurotoxins.” 

New York: Jacob Weinberg, “The Buffer Capacity of Culture Media and of 
Standard Buffer Solutions.” 

Northwestern: Francis Dowden Gunn, “Bone Marrow Reactions in Certain 
Cases of Thrombocytosis: Ultraviolet Light and a Specific Bacterial Infection.” 

Pennsylvania: Dorothy Spring, “An Inquiry Into Heterothallism in Certain 
of the More Common Dermatophytes.” 

Rutgers: Nandor Porges, “The Production of Citric Acid by Aspergillus 
Niger.” 

St. Louis: William Frederick Lange, “Gram-Staining of the Colon Bacillus 
in Relation to Time and Metabolism.” 

Vanderbilt: John Y. Sugg, “Diphtheria Antitoxin in Human Saliva.” 

Western Reserve: Ralph Heeren, “Biological Characteristics of the So-Called 
Fecal and Soil Types of Escherichia Coli and Communior.” 
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Wisconsin: William Preston Allyn, “Oxidation-Reduction Potentials in Rela- 
tion to the Growth of an Aerobic Form of Bacteria.” Theron Hervey Butter- 
worth, “A Contribution to the Study of Lactobacillus Acidophilus, with Special 
Reference to a Commercial Concentrate.” David Hanon Dunham, “Physiological 
Relationships Between the Various Strains of Rhizobia and the Leguminosae.” 
Charles Axtell Hunter, “The Dissociation of Escherichia Coli.” Charles Homer 
Keipper, “A Study of the Number and Distribution of Micro-Organisms on 
Unwashed and Washed Cabbage.” David Gordon Laird, “Bacteriophage and the 
Root-Nodule Bacteria.” 

Yale: Ezra Philip Casman, “The Limitation of Bacterial Growth at Higher 
Temperatures.” Carroll Walter Grant, “The Mucosus Capsulatus Group of 
Bacteria.” John Harold Hanks, “The Toxin Production of Bacterium Pullorum 
and the Role of This Toxin in Pullorum Disease.” Louis Weinstein, “Some 
Factors Involved in the Biological Production of Acetone and Butyl Alcohol.” 


PATHOLOGY 


Chicago: Arthur John Vorwald, “The Cellular Reaction to Infection with 
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Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 


A SYNDROME CHARACTERIZED BY CONGENITAL CLOUDING OF THE CORNEA AND 
BY OTHER ANOMALIES. HENRY F. HELMHOLZ and ErHet R. HarRRINc- 
ton, Am. J. Dis. Child. 41:793, 1931. 


The characteristics of the syndrome are: uniform cloudiness of the cornea; 
restricted motion of the joints of the extremities; short, thick, clawlike hands 
and feet, with limited extension; lumbar kyphosis; scaphocephalic head and mental 


ion. 
retardation. AvuTHors’ SUMMARY. 


THE EFFECT OF THE INJECTION OF URINE FROM PREGNANT MAMMALS ON 
OVULATION IN THE Rassit, F. F. SNypeER and G. B. Wistock1, Bull. 
Johns Hopkins Hosp. 48:362, 1931. 


The urine of various pregnant animals (macaques, rabbits, rats, cats and dogs) 
does not produce ovulation in mature, healthy, isolated rabbits. The ovulation 
test in the rabbit does not completely parallel the similar test in the mouse as 
reported in the literature. The urine of pregnant monkeys and anthropoid apes 
has been described as giving positive reactions in the mouse. In our experiments 
the urine from pregnant macaques has given negative reactions in the rabbit. Of 
the two tests available for the diagnosis of pregnancy, the ovulation test in the 
rabbit appears to be more specific than the mouse test. The observation that 
human urine of pregnancy produces ovulation in mature rabbits has been confirmed. 

AuTHors’ SUMMARY. 


EXPERIMENTAL NEPHRITIS IN THE FroG. J. OLtver and E. SuHevxy, J. Exper. 
Med. 53:763, 1931. 


A method of testing the frog’s kidney by means of perfusion is described. 
This is made possible by dissociating, as far as possible, from the total function 
of the organ the functions of its constituent parts. The characteristics by which 
tubular, glomerular and combined tubular-glomerular lesions may be recognized 


are described. AvutHors’ SUMMARY. 


EXPERIMENTAL NEPHRITIS IN THE FroG. J. OLiverR and P. Smirn, J. Exper. 
Med. 53:785, 1931. 


It is possible to produce in the perfused frog’s kidney an experimental nephritis 
that is anatomically similar to the nephritis that develops in the living animal. 
The functional effects of these anatomic alterations may be examined by a method 
previously described. The correlation of the two aspects of damage, anatomic 
and functional, is more certain under such conditions than in the living animal. 
The value of the extravital method in general problems is indicated by our brief 


consideration of mitochondrial changes. AutHors’ SUMMARY. 


HYPERSENSITIVENESS TO SOLUBLE SPECIFIC SUBSTANCES FROM YEAST-LIKE 
Func. H. D. Kesten and E. Mott, J. Exper. Med. 53:803 and 815, 1931. 


The polysaccharide fractions from each of five yeastlike fungi produce rapid, 
fatal anaphylactic shock in guinea-pigs passively sensitized with antiserum from 
rabbits immunized against the killed organisms. Cross-anaphylactic reactions with 
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heterologous polysaccharide fractions are frequent. They parallel closely the 
cross-precipitin reactions, thus adding evidence in favor of the identity of pre- 
cipitin and sensitizing antibody. The polysaccharide fraction from Monilia psilosis 
produces anaphylactic death in guinea-pigs actively sensitized with killed homo- 
logous organisms, but an attempt to sensitize actively with the polysaccharide 
fraction was unsuccessful. 

The anterior chamber of the rabbit eye was sensitized by the local injection 
of heat-killed Monilia psilosis. Subsequent intravenous injection of a polysaccharide 
fraction prepared from the same organism elicited a reaction in the sensitized 
eye in five of twelve rabbits. 








AvuTHOoRS’ SUMMARIES. 








THe INFLUENCE oF X-Ray LEsIONS OF THE INTESTINAL Mucosa ON ABsorRP- 
TION OF GLUCOSE AND OTHER SuGaRs. K. W. Bucuwacp, J. Exper. Med. 
§3:827, 1931. 


A sublethal dose of x-ray was applied over the abdomen of rats and over the 
thorax for control purposes. Twenty and forty hours after radiation (i. e., during 
the “latent period”) the rate of absorption of dextrose, fructose and mannose was 
markedly diminished. Simultaneously definite histologic changes were observed 
in the intestinal mucosa. In spite of the decrease in the absolute amount absorbed, 
the relative rate of absorption of the three sugars mentioned remained nearly 
unchanged, indicating that the epithelial cells retained their selective action on 
sugars. 








AvuTHOR’s SUMMARY. 





EXPERIMENTAL HYPERTHYROIDISM IN GuINEA-Pics AND Rassits. G. RAKE 
and D. McEacuern, J. Exper. Med. 54:23, 1931. ‘ 


A study has been made of the pathologic changes in the hearts and other 
tissues of animals in which hyperthyroidism was caused with thyroxine. Forty- 
four rabbits and seventeen guinea-pigs were given intramuscular injections of 
thyroxine every other day and killed at varying intervals. Tissues from a series 
of normal animals (twenty guinea-pigs and forty-three rabbits) were examined 
as a control. The changes in the heart and other tissues: of animals with hyper- 
thyroidism were insignificant and varied but little from changes seen in normal 
control animals. Of eight thyrotoxic guinea-pigs that developed coincidental infec- 
tion (bronchisepticus) all showed myocardial lesions. Of nine thyrotoxic guinea- 
pigs, free of infection, only one gave evidence of myocardial change. It is pointed 
out that hyperthyroidism, per se, cannot be held responsible for these lesions, 
which would appear to have been associated with the infection. It was noted 
that rigor mortis of the skeletal muscles occurred much sooner in the bodies of 
animals with hyperthyroidism than in normal animals. 













AvuTHors’ SUMMARY. 





EFFECT ON PULMONARY EPITHELIUM BY INTRAPLEURAL INJECTIONS OF ELEC- 
TROLYTES. J. S. Younc, J. Path. & Bact. 34:357, 1931. 


Hyperplasia of the epithelium lining the marginal alveoli of the lung of the 
rabbit can be produced by a single intrapleural injection of a three quarters-normal 
solution of strontium chloride. A second injection of the same solution within 
fifteen or twenty days of the first faiis to produce a further reaction but at a 
longer interval it becomes effective again. Provided that the concentration of the 
reagent is gradually increased in successive injections, commencing with a weak 
solution (e. g., sixteenth-normal), intercurrent hyperplasia can be prevented, and 
finally no reaction is produced by a test injection of a normal solution which will 
occasion a vigorous reaction in normal control animals. The incidence of hyper- 
plasia affords « general but reasonably accurate criterion of the susceptibility of 
the epithelial cells to certain stimuli of the nature of graduated solutions of 
electrolytes. The resistance of the cells can be measured arbitrarily by that con- 
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centration of strontium chloride or other electrolytes which just fails to produce 
a reaction. According to this standard, the normal resistance is represented by a 
half normal solution of strontium chloride although it is subject to a minor degree 
of variation. As the result of previous treatment, however, the cells can acquire 
an increased resistance corresponding to a normal solution of the same salt. This 
increased resistance is a local phenomenon; it cannot be established by intravenous 
or by intraperitoneal injection of the electrolyte. Second, it can be produced 
either by a single massive intrapleural injection which is associated with a vigorous 
epithelial reaction, or, alternatively, by a series of weaker injections gradually 
increasing in concentration to a maximum without any intercurrent reaction. Third, 
it is not strictly specific since it would appear that calcium chloride can afford 
some measure of protection against strontium chloride; on the other hand, the 
resistance is readily broken by trauma or by the disintegration products of red 
blood corpuscles. The significance of these observations is discussed with reference 
to the nature of the biologic processes concerned in the onset of proliferation and 
it is concluded that they are consistent with the hypothesis that cell division is 
initiated by a precipitation of the colloids of the cell membrane. 


AuUTHOR’s SUMMARY. 


Tue Errect oF TESTICULAR EXTRACT UPON TISSUE PERMEABILITY. D. 
McLean, J. Path. & Bact. 34:459, 1931. 


It has not yet been possible to isolate the active substance in extracts of 
testicle. These extracts may be sterilized without loss of activity by saturation 
with chloroform, and the alcohol ether precipitate may be sterilized by dry heat 
at 160 C. for thirty minutes. The permeability of skin removed from the killed 
animal is increased by the extract for at least forty-eight hours after death. Skin 
that has been removed, desiccated and then soaked in water will still show increased 
permeation by the extract. The extract causes swelling and distortion of the 
fiber bundles of the dermis. The appearance and significance of this change is 
discussed. A similar effect is produced by protamine salts. A relation between 
the surface tension of the extract and the diffusibility could not be demonstrated, 
nor was there increased diffusion in agar, gelatin or blotting paper. Extracts of 
spermatozoa possess the same activity as extracts of whole testicle. Preliminary 
observations indicate that these extracts increase the permeability of ova. The 
significance of these observations is discussed. Trypsin destroys the activity of the 
extract. Peptic digestion is resisted at the lowest pu at which it is possible to work 
with this extract. Though there is some peptic activity at this fu, digestion is 
not complete. Clupeine sulphate, a characteristic protamine salt, which increases 
dermal permeability, but inhibits vaccinial lesions in the skin, inhibits the growth 


of B. typhosus in culture. Autucsis: Sica 


MiroceNnetic RapiaTion. S. B. Sewertzova, Ann. Inst. Pasteur 46:337, 1931. 


The influence of radiation from tissue on cell division was approached experi- 
mentally by a technic involving the exposure of each of four bacterial species to 
(1) a fresh yeast culture, (2) a heart in rhythmic contraction, (3) tetanized frog 
muscle and (4) the spleen of a frog. Bacteria, multiplying rapidly and easy to 
follow quantitatively, were considered preferable to yeast cells or to vegetable 
root cells .wherein mitoses might be watched. Bacterial division was increased 
by exposure to tetanized muscle by 76.82 per cent; to heart, 38.4 per cent; to spleen, 
32.5 per cent, and to yeast, 21.9 per cent. Control tests gave these figures significant 
weight. The periods of exposure were varied between a few minutes and some 
hours. Exposures were made through a quartz plate, half of which was covered 
with lead for a control chamber, at a distance of slightly more than 13 mm. 


M. S. MARSHALL. 
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PLANT AND ANIMAL EXPERIMENTS WITH A SHORT WAVE Rapio OSCILLATOR. 
K. v. OeTTINGEN, Strahlentherapie 41:251, 1931. 


A short wave radio oscillator with a wavelength of 3 meters was used. The 
waves act on inorganic and organic, dead and living matter with the production 
of heat. But the maximum heat effects occur at different location as those caused 
by diathermy. Mice brought into the condensator field become first restless. 
After the appearance of condensed water on the walls of the glass container they 
show listlessness and increased respiratory activity, followed by paresis of the 
hind legs. The animals are then highly sensitive against noises. If the experi- 
ment is stopped at this stage, the animal may recover with the loss of the tail, 
ear or legs by dry gangrene. Continuation of the treatment results in the 
appearance of clonic spasms, which gradually involve the whole body and become 
tonic. int character. Death can be caused in two minutes with strong doses. The 
rectal temperature at this time is 43 C., and the body is rigid. Careless handling 
of the apparatus by the attendants may result in the appearance of dizziness, 
headache, nightly attacks of fear, increase in body temperature by several tenths 
degrees, general malaise, albuminuria and disturbances of libido sexualis. Exposure 
of the hands to the waves is followed by the appearance of a vibratory feeling 
which gradually changes into a feeling of a deeply seated, painful heat, leaving 
after a few hours a feeling of weakness. All these symptoms disappear after a 
few days. Metals are not heated by the waves. Organic substances, like bread; 
plants, etc., may be heated to the degree of carbonization or even burning with 
fire. Electrolyte solutions, oils, especially turpentine oil, are heated. The heating 
effect does not depend on the atomic, molecular or specific weight or the pu of 
the solution. The dielectric constant and the conductivity are apparently the 
most important factors in this respect. While fat tissue, bones and skin are 
mainly heated by diathermy, skin and fat tissue are least heated by short radio 
waves. Blood, especially hemolyzed blood diluted 50 per cent with water, is 
strongly heated, while serum behaves like physiologic solution of sodium chloride 
with a moderate heat production. As the heating effect depends on the electrolyte 
concentration, the type of electrolyte and the wavelength, different tissues vary 
in their reactability, as for instance normal tissue from tumor tissue. Turpentine 
oil can be polymerized by radio waves in a few minutes, a process which takes 
many hours if done by simple heating. Beside the direct heating and electric 
effects, also indirect, injurious effects on distant organs have to be considered. 
Small doses stimulate plant growth and sugar fermentation by yeast. Radio 
waves have no effect on bacterial growth (streptococcus, gonococcus, meningo- 
coccus, pneumococcus, tubercle bacillus, Bacillus prodigiosus). Mice given intra- 
peritoneal injections of pneumococci or fed with B. enteritidis Breslau showed a 
prolongation of life after irradiation, but on account of the unavoidable total irradia- 
tion of the mice generalized injurious effects could not be excluded. Beneficial effect 
is believed to be due to mobilization of defense forces. Eggs of frogs, toads 
and axolotls irradiated with the radio waves caused the death of the ova if large 
doses were used, while the application of moderate doses resulted in the produc- 
tion of malformations with lowered vitality. Small doses caused an acceleration 
in the development of toad’s eggs. Toad’s eggs were more resistant to the radio 
waves than frog’s eggs. Irradiated rabbits developed first a leukopenia of the 
blood due to a decrease of the lymphocytes accompanied by an increase of the 
pseudo-eosinophils, followed by a leukocytosis with an increase of lymphocytes 
and decrease of the pseudo-eosinophilic cells. The coagulation time and sedimenta- 
tion time were decreased. Mice rapidly killed by large doses showed at autopsy a 
generalized hyperemia with superficial hemorrhages beneath the serous membranes, 
edema of gastric and intestinal mucosa and a peculiar whitish edema of the muscle 
tissue. The microscopic examination of the organs showed hemorrhages, atelec- 
tasis and vicarious emphysema in the lungs, hemorrhages in the liver, hyperemia 
and nephrosis in the kidneys, vacuolization of the glia in the hemispheres of the 
brain, shrinkage of cytoplasm of the tubular epithelium of testicle, hyperemia in 
ovary and vacuolization of the sarcoplasm of the muscle tissue. Mice treated 
















































































474 ARCHIVES OF PATHOLOGY 


over a prolonged period with small doses did not show any characteristic organic 
changes at autopsy, but the histologic examination of the organs revealed definite 
injurious organic effects, such as hemorrhages into the lungs, proliferation and 
giant cell formation around hemorrhagic foci in the liver, fibrin clots in the 
hepatic veins, nephritic changes in the kidneys, degeneration of nerve cells and 
vacuolization of glia cells in the brain with encephalitic foci in the cerebrum and 
cerebellum, perivascular lymphocytic infiltrations in the meningi, degeneration 
and necrosis of testicular epithelium, disturbed spermiogenesis, degeneration of ova 
and granulosa cells in the ovary with subsequent regenerative changes in this 
organ. During the first weeks after irradiation treatment estrus was more fre- 
quent. Libido was preserved, pregnancy occurred and resulted in normal litters. 
Irradiation of cancer in mice produced usually a regression of the tumors, but 


occasionally was followed by very rapid growth. Witaety C. Huaeee 


RADON EFFECTS ''PON THE BLoop SUGAR AND Its DiIstRIBUTION BETWEEN 
CELLS AND Piasma. N. Kotscunerr, Strahlentherapie 41:359, 1931. 


During starvation the liver releases sugar into the blood of the liver vein. 
The amount of sugar released can be calculated from the blood sugar in the 
blood of the portal vein and that in the hepatic vein. Different organs retain 
unequal amounts of sugar from the arterial blood. Venous blood therefore con- 
tains less sugar than arterial blood. The largest amount of sugar is retained 
by the intestine and muscle. Therefore, portal and femoral vein contain the 
smallest amount of sugar during starvation, while the portal venous blood contains 
the highest amount of sugar during digestion. Sodium fluoride was used asgan 
anticoagulant on account of its glycolysis inhibiting action in the experiments. 
The introduction of radon into the gastro-intestinal tract during carbohydrate 
digestion causes a marked increase of the blood sugar in all vessels. This is 
due to a decreased sugar retention by the liver and muscle and an increased 
retention of it by the kidney as demonstrated on angiostomized dogs and rabbits 
in which blood was withdrawn through cannulas introduced into the portal, hepatic 
and renal veins. Also, during starvation sugar retention by the kidney was 
increased if radon was injected into the blood or intestine. The resorption of 
sugar was not essentially altered by the radon medication. The increase of 
blood sugar is due to an increase of this constituent in the plasma, while the cellular 
sugar of the blood is in all vessels relatively decreased. During starvation, the 
liver, kidneys and intestine retain less plasma sugar and more cellular sugar if 
radon is given. During normal carbohydrate digestion, relatively more sugar 
is retained by the blood corpuscles than by the plasma. Radon medication during 
this period causes a general hyperglycemia, an increased retention of the plasma 
sugar by the intestine and a decreased retention of the cellular sugar, resulting 
in a decreased sugar retention in the liver, because the liver releases during the 
period, as always, only plasma sugar into the blood, retaining only the cellular 
sugar. Also the kidneys retain under these conditions much more cellular sugar 


than plasma sugar. : WILHELM C. HUEPER. 


Pathologic Anatomy 


FataL AcuTE LyMpHOBLASTIC LEUKEMIA IN AN INFANT. Park J. WHITE and 
Epwarp L. Burns, Am. J. Dis. Child. 41:866, 1931. 


In the light of the observation of others, the case herewith reported is of 
interest chiefly because the severe, lymphoblastic, febrile leukemia, with prolonged 
clotting time, and with extreme lymphoblastic infiltration of both kidneys, apparently 
had its origin on the fourth day of life, when the first “leukemic spot” appeared. 
Clinically, the nature of the enlargement of the kidneys was, of course, in doubt 
until the observations on the blood were reported. 


AUTHORS’ SUMMARY. 
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FUNCTIONALLY Two-CHAMBERED Heart. L, Minor BLackrorp and Lewis D. 
Hoppe, Am. J. Dis. Child, 41:1111, 1931. 


In an infant, aged 6% months, the right atrium opened through the foramen 
primum into the left atrium, which in turn opened through the mitral valve into 
a single ventricle. The tricuspid valve was absent. The aortic valve was normal ; 
the pulmonic, bicuspid. Extreme stenosis of the ventriculobulbar junction pre- 
vented the passage of an adequate amount of blood to the lungs. A theory is 
advanced to explain the pathogenesis. More detailed dissection revealed a small 
right ventricle in the mass of ventricular muscle, between the stenosed opening 
in the anterior wall of the large ventricle, and a second stenosis at the beginning 
of the bulbus cordis. In other words, an interventricular septum was present, 
although incomplete. Functionally, however, we can still state that the heart was 
two-chambered, 










AvuTHoRsS’ SUMMARY. 





A. F. HEss, 





Nonracuitic Sort CHEST AND FLat Heap, A NEw SYNDROME, 
Am, J. Dis. Child. 41:1309, 1931. 


A clinical condition previously termed by me “nonrachitic softening of the ribs” 
has been made the subject of further study. It has been found that this abnormal 
softening results in the sinking or flattening of the wall of the chest, which is a 
frequent occurrence in children, and which may persist into adult life. In associa- 
tion with this pathologic condition of the thorax, a pronounced flattening of the 
occiput was often noted. This malformation is due to pressure and may persist 
for many years. Bowing of the legs and flatfoot are sometimes associated with 
these deformities. These lesions of the bones are not of rachitic origin. In the 
cases to which I refer, there were none of the typical signs of rickets; at all 
times the roentgenographic picture did not show any abnormality, and examination 
of the blood showed that the phosphorus and calcium concentrations were normal. 
Histologic examination did not show rickets at the costochondral junctions in 
two cases in which postmortem examinations could be made. Furthermore, the 
softening of the chest did not respond to any of the specific antirachitic agents or 
to the established vitamins. The syndrome — flat head and soft chest — does not 
belong in the category of rickets and should be differentiated from this disorder. 
It is a form of osteoporosis that may be of congenital origin. 

















AvuTHOR’s SUMMARY. 











ASYMMETRY OF THE HEAD AND Face IN INFANTS AND IN CHILDREN. D., 


GREENE, Am. J. Dis. Child. 41:1317, 1931. 


Asymmetry of the occipital region is a common condition in infancy. This 
asymmetry is found to be accompanied by an associated asymmetry of the face, 
leading to an increased height of the cheek bone and a difference in the level of 
the ears. At times it results also in an irregularity of the dental arches and a 
lateral deviation of the nose. Although this condition may result from rickets, 
it is more frequently the result of a nonrachitic condition, an osteoporosis of the 
bones. The softening of the bones of the head is part of a symptom complex that 
includes softening of the ribs and of some of the long bones of the body. The 
deformity of the occiput is due to almost constant pressure on the osteoporotic 
bones resulting from the posture of the infant. This asymmetry of the head and 
face can be corrected in the early months of life by merely so changing the posture 
of the infant that the pressure falls on the opposite side of the head. This pre- 
ventive measure is worth while, as the deformity frequently persists into child- 
hood, and in some cases is permanent. 












AUTHOR’s SUMMARY, 
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CONGENITAL Arr Cyst OF THE LuNG. A. H. PARMELEE and C. W. APFELBACH, 
Am. J. Dis. Child, 41:1380, 1931. 


A congenital air cyst of the lung in a 17 months old infant together with 
observations made at autopsy is recorded and analyzed. Autopsy findings prove 
the cyst to be a huge solitary bronchiectatic cavity. The probable etiology is 


i ; ~ 
discussed Autuors’ SUMMARY. 


DvODENAL OBSTRUCTION CAUSED BY CONGENITAL BaNnps. E. F. Burt and 
R. M. Tyson, Am. J. Dis. Child. 41:1403, 1931. 


In these four cases the obstruction was caused primarily by transduodenal bands 
originating in the undersurface of the liver. This corresponds with the hepato- 
duodenal ligament described by anatomists and the transduodenal bands described by 
clinicians as a cause of constriction of the duodenum in adults. Taylor has com- 
mented on additional adhesions like those in cases 1 and 4, which he has found in 
adults. The ligament or band is of congenital origin. The adhesions of the duo- 
denum, pylorus and stomach can be explained only on the grounds of inflammation, 
possibly as a result of chronic traction during rotation of the intestine, caused by 
the presence of the accessory ligament. The entire clinical picture closely simulates 
that of hypertrophic stenosis. The time of onset seems to depend on the denseness 
of the adhesions. In cases 1 and 4 the bands and adhesions were fairly dense, and 
symptoms of acute obstruction began immediately at birth. In cases 2 and 3 
obstruction became acute in four and sixteen weeks, respectively. The absence of 
a palpable mass in the abdomen is an important differential point. It is important 
that a laparotomy be performed as soon as a diagnosis of obstruction is made. The 
excellent results obtained in cases 1 and 2 can be attributed to operative intervention 
before the babies were markedly dehydrated and malnourished. 


AvuTHors’ SUMMARY. 


PaTENT Ductus ARTERIOSUS WITH PRIMARY BACTERIAL PULMONARY 
ENDARTERITIS. W. H. TRIMBLE and RaLtpH M. Larsen, Am. Heart J. 6: 
555, 1931. 


A case of pulmonary endarteritis, with the vegetation superimposed on the wall 
at the orifice of a patent ductus arteriosus, which was diagnosed clinically six and 
a half months before death and confirmed by autopsy, is reported. Although the 
mitral valve was also the site of vegetations, the pulmonary endarteritis is shown 


i i . , = 
to be the primary lesion AvuTHORS’ SUMMARY. 


ACQUIRED RHEUMATIC PULMONIC STENOSIS AND INSUFFICIENCY. SIDNEY P. 
ScuHwarRtTz and Davip SHELLING, Am. Heart J. 6:568, 1931. 


The interesting lesion in this patient as revealed by the autopsy findings, in 
addition to the evident mitral and tricuspid lesions, is an acquired rheumatic 
valvulitis supefimposed on a malformation of the pulmonic valves which in this case 
consisted of the absence of one of the pulmonic leaflets. This underlying congenital 
malformation may explain the unusual dilatation of the pulmonic artery for so 
long a period since the first diagnosis of pulmonic insufficiency was made seven 
years prior to her death; for it is well known that such congenital defects of this 
artery may produce an insufficiency of the valves even in the absence of any 
acquired disease. It is likely, in view of the rarity of acquired rheumatic lesions 
of the pulmonic artery, that the congenital malformations were responsible in part 
for the localization of the rheumatic virus on the pulmonic leaflets. The charac- 
teristic x-ray picture of pulmonic insufficiency, as described by one of us in a 
previous communication, was of great help in the diagnosis of that particular lesion, 
whereas the stenosis of the valves was suspected solely from the clinical evidences 
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which in the main were the rough systolic thrill and localized murmurs in the 
region of the second intercostal space to the left of the sternum. 


AvutTHors’ SUMMARY. 


PROGRESSIVE THROMBOSIS OF THE PULMONARY ARTERY. CLARENCE H. Bos- 
WELL and Harotp D. Patmer, Arch. Int. Med. 47:799, 1931. 


A case of progressive thrombosis of the pulmonary artery, following an acute 
respiratory infection, which came to autopsy five weeks later, is reported. The 
symptoms were malaise, dyspnea, anorexia, palpitation, easy fatigue and “some 
aching through the chest.” There were a slight leukocytosis, a slight elevation of 
the pulse and respiration and a variation of the temperature between 97 and 99 F. 
A roentgenogram of the chest showed an increased density of the shadow of the 
right pulmonary artery. Necropsy revealed that the lungs were crepitant and 
showed no Solid areas except for a small hemorrhagic infarction just beneath and 
including the pleural surface of the right lung. An old firmly attached thrombus 
was found in the right pulmonary artery. This vessel, as well as the bronchus in 
contact with it, showed acute inflammation. A fresh, but firmly attached, thrombus 
was present in the left pulmonary artery. The authors hold this to be a case of 
thrombo-arteritis, primary in the pulmonary artery and not embolic. 





J. N. Patrerson. 


Acute IsoLaTED Myocarpitis. C. E. p—E La CHAPELLE and I. Graer, Arch. 
Int. Med. 47:942, 1931. 


A case of so-called isolated myocarditis of unknown etiology is reported. The 
clinical and necropsy observations are compared with those in previously recorded 
cases. Electrocardiograms showing evidence of severe impairment of conduction 
are noted for the first time in connection with this disease. The gross and micro- 
scopic observations demonstrate the distribution of the lesion. The diffuse and 
focal cellular infiltration consisting chiefly of lymphocytes, the new formation of 
blood vessels and connective tissue, involving both the interstitium and the 
parenchyma, the well marked deposits of organized connective tissue and the focal 
areas of necrosis account for the progressive circulatory failure. Careful micro- 
scopic studies have not been made of the conducting tissue. There were no 
vascular, perivascular or myocardial lesions suggesting rheumatic infection, and 
no Aschoff bodies were found. The necropsy observations adequately account for 
the clinical course. The etiology in our case remains obscure. Whether or not 
the lesion was an atypical rheumatic inflammatory reaction cannot be answered. 
Aschoff felt that the lesions in his case could not be explained or described as 
rheumatic alone. He suggested that some other etiologic factor was combined or 
superimposed, possibly an infection of cryptogenic origin. We believe, with Scott 
and Saphir, that to regard these cases as rheumatic would not aid in clarifying the 


knowledge of their pathogenesis. Acres Ginmewane 





THE APPEARANCE OF HISTIOCYTES IN THE PERIPHERAL BLOOD. WILLIAM 


DaMESHEK, Arch. Int. Med. 47:968, 1931. 


The histiocyte has distinctive histologic and functional characteristics that 
make its presence in the peripheral blood stream easily recognized. In disorders 
that involve the reticulo-endothelial system, the histiocytes may appear in the 
peripheral blood usually coincident with an increase in monocytes. This is 
analogous to reactions of the bone marrow in which myelocytes appear in the 
peripheral blood coincident with an increase in polymorphonuclear cells. Histio- 
cytes in the peripheral blood were found especially when monocytosis was present. 
Thus they were seen in monocytic (histiocytic) leukemia, in agranulocytosis, espe- 
cially in the phase of recovery, in septicemia, in subacute bacterial endocarditis, in 
the convalescent stage of rheumatic fever and rheumatic endocarditis, rarely in 
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tuberculosis and other infections, frequently in dementia paralytica (in one case 
associated with convulsions they were found in large numbers) and occasionally 
in miscellaneous conditions, especially in the leukemias and lymphoblastomas. Other 
authors have described their occurrence in typhoid fever, cholera, malaria, kala- 
azar and other diseases. It is felt that the histiocyte as seen in the peripheral blood 
is a distinctive cell not normally present, that it is in intimate relationship and 
probably the direct precursor of the monocyte, though ordinarily without relation- 
ship to the other leukocytes of the blood, and that it appears in the peripheral 
blood when there is unusual activity, marked irritation or leukemic proliferation of 


the reticulo-endothelial system. Aviruoe’é Suwa’: 


THe Morsip ANATOMY ‘OF HEARTS IN HypERTHYROIDISM. D. McCEACHERN 
and G. RAKE, Bull. Johns Hopkins Hosp. 48:273, 1931. 


The literature on the pathology of the heart in hyperthyroidism is reviewed, 
and the contradictions of evidence are pointed out and discussed. Twenty-seven 
cases of patients dying with hyperthyroidism are reported, with clinical and patho- 
logic notes. The cardiac findings are compared with those in 150 suitably chosen 
control cases. In fourteen instances the hearts were normal. In eight instances 
moderate perivascular or intermuscular fibrosis or small round cell infiltrafion was 
found; similar changes were also encountered among the control cases, though less 
frequently. Conspicious alterations were found in five instances, in three of which 
there was coexistent heart disease. Cardiac hypertrophy was noted in 16 of the 27 
cases. No relationship could be established between the incidence of auricular 
fibrillation or the duration of hyperthyroidism and the ultimate findings in the 
heart. Congestive heart failure occurred in 5 of the 6 cases that presented coexist- 
ing organic heart disease. From this evidence it is impossible to ascribe the cardiac 
phenomena of the disease to structural changes in the muscle. It is pointed out 
that the hearts from hyperthyroid animals continue to beat, when isolated, at a 
much faster rate than similar preparations from normal animals. Emphasis is 
placed on the desirability of studying the problem from the point of view of 
metabolic and functional alterations in the mycocardium. 

AuTHORS’ SUMMARY. 


SuBCUTANEOUS NODULES OF THE JUXTA-ARTICULAR Type. H. HaANnFrorp 
Hopkins, Bull. Johns Hopkins Hosp. 49:5, 1931. 


The cases of fourteen patients with subcutaneous nodules of the juxta- 
articular type are reported. In twelve of the patients the nodes were syphilitic 
and in two they were associated with chronic infectious arthritis. The syphilitic 
nodes healed completely under antisyphilitic treatment; the nodes associated with 
chronic infectious arthritis did not. The histopathologic picture of the nodes in 
syphilitic patients could not be considered conclusively characteristic of syphilis, nor 
could it be differentiated from the picture of the nodes associated with chronic 
infectious arthritis. Spirochetes could not be found in the syphilitic nodes, and one 
rabbit inoculation was negative. Subcutaneous nodules of the juxta-articular type 
are not pathognomonic of any single disease. Juxta-articular nodules may’ be 


simulated by xanthoma. Avrnon’s Sunuase: 


OBLITERATIVE PULMONARY ARTERIOSCLEROSIS. W. G. MacCatium, Bull. Johns 
Hopkins Hosp. 49:37, 1931. 


A colored woman, aged 39, who presented symptoms of dyspnea, cyanosis, 
cough and enlargement of the heart, especially on the right side, on postmortem 
examination, was found to have an obliteration of the pulmonary arterioles.. This 
obliteration was the result of a proliferation of large cells of the intima with cyto- 
plasm laden with fat. The media and adventitia showed no gross changes. Hyaline 
thrombi in varying stages of organization and canalization were frequent. The 
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veins showed no changes. The author interprets the intimal changes as primary 
and the thrombi as secondary. Syphilis as the exciting factor is denied. This 
was the first case that the author had noted in 12,000 autopsies. (See article by 
Rosenthal, Sol Roy: Sclerosis of Pulmonary Artery and Arterioles, Arcu. Patu. 
10:717, 1930.) 


EXTRADURAL VENTRAL CHONDROMA. C. A. ELsBERG, Bull. Neurol. Inst., New 
York 1:350, 1931. | 


Some chondromas originate from the posterior border of a vertebra! disk 
and thus are situated in front of the dura (disk chondromas or ventral extra- 
dural chondromas). The first patient with this disorder observed by Elsberg was 
successfully operated on. In the present contribution fourteen more cases are 
recorded. They consist of the most frequent type of extradural tumors, occurring 
in middle-aged people, mostly in men. The site is preferably the cervical region. 
The size is usually small, varying from 1 to 2 cm. in the greatest length, ordinarily 
about 1 cm. wide, and seldom more than from 0.5 to 1 cm. in thickness. The 
cartilaginous nodules observed by Andrae and Schmorl, mostly in women, are con- 
sidered by Elsberg as possible rudimentary chondromas. 

Microscopically, the ventral chondromas were identical with the structure of 
normal intervertebral disks, the difference being rather of degree than of kind. 
The majority of the small growths arising from the posterior edges of the inter- 
vertebral cartilages are not neoplasms but ecchondromas, local hyperplasias of the 
cartilage. The tumors can be removed completely and generally give a good 


prognosis. GeorceE B. Hassin. 


Morsip ANATOMY AND PATHOGENESIS OF Leprosy. P. P. Dwijxorr, Frankfurt. 
Ztschr. f. Path. 40:185, 1930. 


A case of leprosy of fourteen years’ duration is described. The anatomic diag- 
nosis was tuberculous form of leprosy, ulcerations of the tongue, pharynx, larynx, 
trachea and upper and lower extremities, gangrene of the toes, and scars over 
the entire body. There were a healed tuberculosis of both lungs and amyloid 
infiltration in some organs. Sections of the skin showed that the epithelium was 
thinned out, the papillary arrangement of the corium being not clearly recognizable. 
Below the epidermis there was a new formation of connective «tissue and elastic 
fibers, forming a wall surrounding the deeper lesions, which is referred to as 
“protective wall.” Below this wall there were many fields showing cells that con- 
tained an abundance of vacuoles within their cytoplasms. These cells varied in 
size and form. Most commonly they were oval or elongated and contained two or 
three pyknotic nuclei. The cell boundaries were not always very clear so that some 
of the cells seemed to form a syncytium. The cells correspond to those described 
as “leprosy cells” by Virchow. They were embedded in a connective tissue stroma, 
which originated from the “protective wall.” The stroma increases in later stages, 
compresses the leprosy cells and finally replaces them, forming scar tissue. In 
other portions of the skin, lymphocytes, plasma cells, epithelioid cells and fibro- 
blasts were noted. The changes that were found throughout the skin over the 
entire body gave the impression of a “wrap of leprosy.” Hansen’s bacillus was 
found throughout the skin lesions. These bacilli were mainly within the leprosy 
cells but were also present between them, sometimes in large clumps. Also 
degenerative forms of the leprosy bacilli were described which stained blue if 
stained according to Ziehl. The lymph nodes, but especially the cervical nodes, 
showed an almost complete disappearance of the lymphadenoid tissue. There were 
many leprosy celis with shrunken nuclei and a vacuolar cytoplasm. Some fields 
revealed giant cells with nuclei in the centers of the cells. The leprosy cells, 
according to the author, are derived from the reticulo-endothelial system. In this 
case the changes in the various organs are described in detail. The heart and 
kidneys showed no specific lesions, while in the liver, spleen and peripheral nerves 
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changes were marked. The author believes that a chronic hyperplasia of the 
reticulo-endothelial system, called for by the continuous phagocytosis of leprosy 
bacilli, is the essential finding in leprosy. O. Sarum 


Two TERATOMAS OF THE MEpIASTINUM. I. GorDon, Frankfurt. Ztschr. f. 
Path. 40:224, 1930. 


The author describes two teratomas of the mediastinum, which were clinically 
silent, but which were discovered at autopsy. One teratoma was found in a 
woman of 26. It showed many cysts, pancreatic tissue, with many large islands of 
Langerhans, thymic tissue with Hassall’s corpuscles and a tissue that suggested 
gastric mucosa. Besides, fat tissue, connective tissue, smooth muscle fibers, bone 
and cartilage were also found as constituents of the tumor. Some portions con- 
tained cerebral structures. Many veins and arteries were found, some of which 
showed arteriosclerotic changes. The second tumor was found in a woman of 
65. This tumor contained thyroid tissue which showed changes corresponding to 
those found in colloid goiter. Also, ovarian structures were present in the 


teratoma. O. SAPHIR. 


INTRATHORACIC Cysts. B. Enrz and D. Orosz, Frankfurt. Ztschr. f. Path. 40: 
229, 1930. 


In an infant, aged 11 months, a cyst was discovered in the thoracic cavity by 
the x-rays. The cyst was removed, but the child died eighteen days after the 
operation. The cyst occupied the larger part of the right thoracic cavity, extending 
from the fourth rib to the diaphragm. It was covered by a smooth and glistening 
pleura and was adherent to the thoracic wall and to the mediastinum. The 
adhesions were separated with ease. The cyst was not attached to the esophagus, 
trachea or thoracic duct. It could easily be removed from the underlying dia- 
phragm. There was no connection between the cyst and any of the abdominal 
organs. The cyst measured 2 by 7 by 10 cm. The thickness of its wall varied to 
6mm. The content of the cyst, when first obtained by thoracentesis, was a clear 
yellow and somewhat mucinous, sterile liquid. A few leukocytes, lymphocytes, red 
blood corpuscles and degenerated epithelial cells were found in the sediment. 
Neither succinic acid nor scolices could be detected. The content of the cyst 
subsequently became turbid and, later, purulent. Histologically, the wall of the 
cyst revealed structures that were identical with gastric mucosa and muscularis. 
The authors believe that the cyst arose from an heterotopic island of gastric mucosa 
in the esophagus. After obliteration of the ducts of glands in such an heterotopic 
island, cysts may be formed which later lose their connection with the esophagus. 
According to Lauche, such cysts should be classified as choristoma. 


THE ORIGIN OF ENDOMETRIOMA: AN EXPERIMENTAL STUDY wITH CASE 
Reports. K. Wocrr, Frankfurt. Ztschr. f. Path. 40:247, 1930. 


This work was instigated by the finding of an endometrioma in a lymph node 
close to an endometrioma in the region of the round ligament. The lymph node 
was entirely separated from the tumor. The author believes that this finding tends 
to support Halban’s theory, which explains endometriomas on the basis of a 
lymphogenous metastasis of parts of the uterine mucosa. Experiments with guinea- 
pigs in which an emulsion of uterine mucosa was injected into the inguinal region 
for the purpose of producing endometrioma in the inguinal nodes yielded negative 
results. Uterine tissue (mucosa and muscularis), if transplanted into the sub- 
cutaneous tissue of a guinea-pig, did not undergo necrosis. Injured uterine mucosa 
regenerated after it was transplanted. The author also tries to show that scars 
might originate in transplants. Transplants in castrated animals either remained 
alive and actually grew, as do those in noncastrated animals, or became atrophic 
and were replaced by scar tissue. The author reports two cases. One case was 
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that of a ruptured endometrioma of the ovary, simulating the clinical picture of 
ruptured tubal pregnancy. In the other case, there was a large endometrioma of 
the ovary in a woman, which gave the clinical picture of pernicious anemia. The 
opinion is expressed that endometriomas in scars following laparotomies are 
either implantations of uterine epithelium or manifestations of lymphogenous metas- 
tases of uterine mucosa. ; is! Comin. 


PROLIFERATION OF VASCULAR ENDOTHELIUM. M. SILBERBERG, Verhandl. d. 
deutsch. path. Gesellsch. 25:144, 1930. 


By culturing the small and large vessels of the pia mater and chorioid plexus 
in heparinized blood plasma by the method of Maximow, the endothelium of the 
vessels was found to proliferate and form spindle-shaped cells that did not 
phagocytose and could not be differentiated from fibroblasts. The endothelium 
was differentiated from the histiocytes by vitally staining with carmine. The latter 
took up the dye while the former did not. The endothelium did not form blood 
cells. A transition of the histiocytes to fibroblasts could not be seen. 


Sot Roy ROSENTHAL. 


EXPERIMENTAL STUDIES OF THE GLIA CELLS. G. Roussy and C. OBERLING, 
Verhandl. d. deutsch. path. Gesellsch. 25:162, 1930. 


The experimental production of acute and chronic lesions of the brain in animals 
gave the following glial reactions: In acute lesions with necrosis, the astrocytes 
(macroglia) were destroyed and showed no reaction while the Hortega cells 
(microglia) proliferated. In chronic lesions, the astrocytes lost their prolongations 
and became rounded with vacuolated cytoplasm that contained fat. This change 
was similar to the changes in the microglia, but was not extensive. Following 
the intravenous injection of trypan blue alone, the glia cells do not take up the 
dye, but when potassium chloride is injected, these cells take up the dye, the 
microglia cells containing the greater amount. ‘There is a great similarity in 
the phagocytic properties of the Hortega cells and astrocytes; these properties 
do not qualify a cell for the reticulo-endothelial group. 

Sot Roy ROSENTRAL. 


THROMBO-ANGIITIS OBLITERANS. H. Divrcx, Verhand). d. deutsch. path. Gesellsch. 
25:272, 1930. 


In studying thrombo-angiitis obliterans, the author found that the primary lesions 
were in the small distal vessels. There is a subendothelial proliferation of fibro- 
blasts and histiocytes which causes a thickening of the intima and a narrowing 
or complete obliteration of the lumen. The internal elastic membrane is tortuous 
but intact. The muscularis is also intact except for occasional leukocytic infiltra- 
tion. As the process involves both arteries and veins, the term “endangiitis’” would 
>be more suitable. 

Thombosis is secondary and not one of the primary factors as described by 
Buerger. That the condition is not an angiitis or phlebitis is shown by the intact 
internal elastic membrane and muscularis; in inflammatory conditions these struc- 
tures are interrupted. 

The possibility is strong that these lesions are similar to those in endocarditis 
lenta, in which subendothelial proliferation of the histiocytes and fibroblasts occurs 


in toxic infectious states. So. Roy RosENTRAl 


INTESTINAL OBSTRUCTION FROM ENDOMETRIAL PROLIFERATION IN THE INTEsS- 
TINAL WALL. BrRuNO SCHULER, Zentralbl. f. Chir. 58:399, 193i. 


This report concerns a woman, aged 48, in whom intestinal obstruction was 
caused by a hard swelling, 4 cm. long, on the anterior wall of the junction of the 
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sigmoid with the rectum. This swelling proved to be due to endometrial prolifera- 
tion, with stenosis. Symptoms traceable to the endometrial growth in the intestinal 
wall began in 1926; at times there were bloody stools during the menstrual period. 


Pathologic Chemistry and Physics 


THE HypDROGEN-ION CONCENTRATION AND AcID-BasE EQuILIBRIUM IN NORMAL 
PreGnancy. D. M. Kypp, J. Biol. Chem. 91:63, 1931. 


The hydrogen ion concentration of the blood in uncomplicated pregnancy is 
within the normal range. The alveolar carbon dioxide content is lowered, as is 
the carbon dioxide combining power of the blood. Less protein is present, the 
serum albumin fraction being decreased and the globulin fraction either unchanged 
or slightly increased. The concentrations of chloride, phosphate and undetermined 
acid ions in the serum are normal. The reduction in protein concentration appears 
to be balanced by a reduction in total base. E. R. Main. 


THE ALKALINITY AND THE PHOSPHATE CONTENT OF THE MORNING URINE. 
R. S. Hussparp, S. A. Munrorp, J. T. TyNER and C. B. Attison, J. Biol. 
Chem. 92:xxix, 1931. 


Persons with achlorhydria do not show the temporary increase in urinary 
alkalinity that follows the ingestion of food by normal persons. 
ARTHUR LOCKE. 


CHEMICAL CHANGES IN THE BLOOD OF THE DoG IN EXPERIMENTAL BILE 
Peritonitis. A. M. ZIEGLER and T. G. Orr, J. Exper. Med. 53:865, 1931. 


Changes in the chemistry of the blood of dogs with experimental bile peritonitis 
are here reported. In all animals that died, bile ascites was found. Dogs dying 
of bile peritonitis showed a constant increase in nonprotein and urea nitrogen of 
the blood, and a fall in the chlorides. AutHors’ SUMMARY. 


CALCIUM AND PHOSPHORUS IN THE BRAIN IN DIFFERENT CONDITIONS. ELIza- 
BETH CowPER Eaves, Brit. J. Exper. Path. 12:113, 1931. 


An increase of calcium in the brain is relatively uncommon. It tends to occur 
in conditions in which there is gliosis without wasting of the brain. Increased 
calcium was found in the brains of two young patients in which numerous micro- 
scopic hemorrhages were present, and was not associated with the deposition of 
inorganic iron. In the brains in thirteen cases of degenerative nervous diseases 
(dementia paralytica, Huntington’s chorea and arteriosclerotic insanity), in all 
of which there was wasting, there was increased calcium only in one and great 
diminution in phosphorus compounds in eleven. In the brains in four cases of 
Huntington’s chorea, the calcium was diminished. In chronic epidemic encephalitis, 
increase of calcium in the brain is more common than in other conditions. In 
eight of nine cases, the phosphorus percentage was within normal limits. In 
epilepsy in six patients with status epilepticus, the calcium was within normal 
limits except in one patient with tuberous sclerosis. In three of the cases, the 
phosphorus was within normal limits. In the other three, in which epilepsy was 
associated with mental deficiency and dyspituitarism, the phosphorus was very low. 
This was probably due to disordered phosphorus metabolism in endocrine disorders 
rather than necessarily a result of status epilepticus. In one case of cretinism, the 
calcium was high and the phosphorus very low. In one case of Paget's disease, the 
amount of calcium was high. A low phosphorus content may exist with good 
myelinization, but poor myelinization is always accompanied by a decreased amount 
of phosphorus. It is concluded that nerve cells may be pathologically deficient in 
compounds of phosphorus, probably of a lipoid nature. Abnormal function of the 
nervous system may be associated with chemical alterations in the brain, without 
necessarily any very definite histologic changes. 


AUTHOR’s SUMMARY. 
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Tue Bioop GLUTATHIONE IN Disease. Rosert Pratt, Brit. J. Exper. Path. 
12:139, 1931. 


Observations on the glutathione content of human blood, as determined by 
iodine titration, show that the normal amount of glutathione present is about 30 
to 50 mg. per hundred cubic centimeters, and that this is present almost exclusively 
in the corpuscles. In the majority of pathologic conditions, including cystinuria, 
the glutathione of the blood remains within normal limits, though cases of 
disease of the liver show rather wide variations. In anemia and some cyanotic 
states, the ratio of glutathione to corpuscles is increased. Studies of myelogenous 
and lymphatic leukemia show that glutathione is a constituent of both types of 
white corpuscles. A large amount of glutathione is also contained in pus cells. 


AUTHOR’s SUMMARY. 


A COMPARISON OF THE VITAL STAINING OF THE PARENCHYMA CELLS OF THE 
LiveR witH Acip anp Basic Dyes. R. J. Luprorp, Proc. Roy. Soc., 
London s.B. 108:270, 1931. 


Both acid and basic dyes form colored droplets in the parenchymal cells of the 
liver. The droplets are new cytoplasmic formations. They collect around the 
margins of the cells, bordering the intercellular bile capillaries. The degree of 
segregation depends on the state of functional activity of the cells. The capacity 
of a dye to induce the formation of droplets depends on physicochemical properties, 
its rate of diffusion and the extent to which it forms colloidal aggregates, rather 
than on acidic or basic properties. E. R. Mam 


THE BROWN PIGMENT OF HEMACHROMATOSIS. MARTIN JACOBY, Biochem. Ztschr. 
230:225, 1931. 


Partially purified preparations of the brown pigment that is depusited in the 
liver in hemachromatosis contain iron and nitrogen in the ratio of 66:94. The 
pigment has an absorption spectrum which resembles that of methemoglobin. 


E. R. MAIN. 


THE MAGNETIC SUSCEPTIBILITY OF Bopy Fiurps. F. K. T. ScHwarz, Ztschr. 
f. d. ges. exper. Med. 76:99, 1931. 


Methods for the determination of the magnetic susceptibility of body fluids 
are discussed. In animals, it was found that changes in magnetic susceptibility of 
body fluids varied with changes in the hemoglobin content. It was found that some 
of the effects of certain iron compounds in anemia were caused by changes in 


magnetic susceptibility. PEARL ZEEK 


StupDIEs IN Lipotp METABOLISM. IGOR REMESOW and N. TAVASTSTYERNA, 
Ztschr. f. d. ges. exper. Med. 76:419, 1931. 


In both carnivora and herbivora cholesterol is by no means an indifferent sub- 
stance. When given in colloidal form to dogs, either by way of the enteric tract 
or otherwise, hypercholesteremia is produced. The organism thereby protects 
itself against oversaturation with lipoids. To the lungs is attributed the specific 
function of “catching cholesterides” brought to them, either directly or through 
the blood stream. Not only do the lungs perform this mechanical function, but they 
also are the site of elaborate chemical processes concerned with esterization and 
transformation of cholesterol. The cholesterol-cholesterolester ratio in the blood 
functions as a buffer system to protect the organism against oversaturation with 
free cholesterol. 

Lecithin appears to have very little toxic action in the body. When given in 
colloidal form to both herbivora and carnivora in suitable doses, a lecithinemia 
is produced. In herbivora a pronounced hypercholesteremia occurs also, but is 


absent or insignificant in carnivora. Peas: Zesx 
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EXPERIMENTAL STUDIES IN Fat METABOLISM. IGoR REMEsOw, D. MAtTrTRos- 
sowitcH and O. SapaLowa, Ztschr. f. d. ges. exper. Med. 77:67 and 100, 
1931. 


It was found that while adrenalin, nicotine and cholesterol lead to glycogenolysis 
in the liver, cholesterol plus insulin results in the storage of glycogen in the liver. 
It is concluded that insulin aids in the transformation of cholesterol into carbo- 
hydrate through an intermediate product “giycocholesteride,” which has the charac- 


teristics of a physicochemical compound. Sanpen COmnn 


Cotor Reactions or Nucreic Acip. P. Tomas, Ztschr. f. physiol. Chem. 
129:10, 1931. 


Several color reactions of. saccharides of nucleic acids are described. If a 
small amount of a pentose solution or of its derivative is poured on the surface of a 
0.3 per cent solution of beta-naphthol in pure sulphuric acid, an ultramarine blue 
ring appears. Pentoses of this kind are in yeast nucleic acid (arabinose, xylose, 
ribose). Thymonucleic acid gives a brownish-red ring similar to that of levulinic 
acid. Yeast nucleic acid or arabinose added to 1 per cent tryptophan in 50 per 
cent hydrochloric acid gives a pale green color. Thymonucleic acid gives a fuchsin 
red color which differs from that produced by common sugars, as the color is not 
taken up by chloroform or by ether and only partially by amyl alcohol. Beta- 
naphthol gives in sulphuric acid a pale yellow color. Apiose gives with this 
reagent a green color. Diluted glycuronic acid produces a blue-green ring, while 
concentrated glycuronic acid causes a brown ring with green edges. If a red 
ring appears with this substance, this is due to contamination probably with 
mentholglycuronic acid. The tryptophan reagent is prepared as follows: To an 
aqueous 2 per cent solution of tryptophan add an equal volue of concentrated pure 
hydrochloric acid. If kept in the dark, this reagent is good for two months. Add 
a few milligrams of the substance to be examined to 2 cc. of this reagent and heat 
for five minutes on a boiling water bath. Ordinary pentoses will then produce a 
pale green color. If more than from 1 to 2 mg. of sugar is added, the color 
changes into a light brown. This change is rapid if xylose is used. Apiose gives 
an orange-yellow color and Jevulin a pale pink one; hexoses give different colors 
(galactose and mannose, yellow to light brown; dextrose, pinkish purple with a 
bluish tint similar to thymonucleic acid; fructose, light red changing into dark 
reddish brown after an additional five minutes on the water bath). 


WILHELM C. HUEPER. 


lopINE IN Boop In ExopaHtHALmic Gorter. C. BuLMAN, Hospitalstid. 74:395, 
1931. 


In normal persons, the iodine in the blood varied from 0.008 to 0.018 mg. per 
hundred cubic centimeters. In conditions of thyrotoxicoses, there was an increase 
to from 0.01 to 0.154 mg. per hundred cubic centimeters. This increase of iodine in 
the blood may prove to have diagnostic value. 


Microbiology and Parasitology 


TUBERCULOSIS IN THE MESENTERIC LymMpH NopEsS oF CHILDREN. MARION 
LEONARD, Am. J. Dis. Child. 41:513, 1931. 


The high incidence of tuberculosis in the mesenteric lymph odes of children is 
brought out in this study. Contrary to prevailing opinion, there seems to be 
little relation between chronological age and calcification as a pathologic process 
in children. The significant value of 0.94 for the coefficient of association of tuber- 
culous involvement of the mesenteric nodes and other tissues suggests that the 
intestinal lymphatic system plays an important réle in tuberculous infection in 
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childhood. The fact that the mesenteric nodes are the only tissues in the body 
that are the sole demonstrable site of tuberculous infection in any single case 
(eighteen instances, or over one third of the cases studied) also points to the 
importance of the intestinal lymphatics in the infection of children with tubercle 


bacilli. AuUTHOR’s SUMMARY. 


Acute GENERALIZED TUBERCULOSIS WITHOUT TYPICAL TUBERCLES. WILLIAM 
A. REILLy and Zera E. Borin, Am, J. Dis. Child. 41:582, 1931. 


The case of an infant is reported, in which distribution of tubercle bacilli 
by the blood stream was followed by lesions showing few mononuclear cells, no 
giant cells, few lymphocytes and large numbers of polymorphonuclear cells, with 
great numbers of tubercle bacilli in each lesion. The explanation offered for this 
type of lesion is the large number of bacilli present, coupled with the nonresistance 
and lack of allergy of the patient. Aurnces’ Susie. 


MULTIPLE PULMONARY ABSCESSES SIMULATING TUBERCULOsIS. H. C. SWEANY, 
AsyA STADNICHENKO and Kart J. HENRICHSEN, Arch. Int. Med. 47:565, 
1931. 


The clinical course and the pathologic and bacteriologic observations of a 
fatal chronic infection with Friedlander’s bacillus are described. The micro- 
organism differed from that ordinarily described, in that it grew as well or better 
anaerobically than aerobically; it grew poorly on potato medium; it fermented 
lactose with acid and gas, and it produced coagulation in milk. The pathologic 
condition varied from a subacute to a chronic bronchopneumonia with progressive 
necrosis and formation of abscesses exhibiting a varied type of cellular reaction 
that varied from lymphocytes, monocytes and plasma cells to focal collections of 
polymorphonuclears. Fibroblasts and connective tissue appeared about and within 
the older lesions, and the walls of the cavities became lined with metaplastic 
cuboidal or squamous epithelium. An important feature of the disease was the 
continuous succession of lesions, usually from the apex to the base of the lung, 
each of which passed through the same evolution and changes from the acute 
(described by Moisejew, Kokawa and others) to the chronic form already outlined. 
The clinical aspects closely simulated chronic pulmonary tuberculosis, differing 
from it only in the general appearance of the patient, the irregularity in tempera- 
ture and the obscure physical observations. The roentgen observations resemble 


those noted in chronic pulmonary tuberculosis. ; 
ms © P y AvutTuors’ SUMMARY. 


STREPTOCOCCIC SEPTICEMIA WITH VASCULAR Lesions. J. M. STRANG and K. 
Semsrotu, Arch. Int. Med. 47:583, 1931. 


An unusual case of sepsis due to Streptococcus viridans, with chronic and 
acute pancarditis and chronic and subacute nephritis, is described. A characteristic 
lesion that was found in the arterioles of both the heart and the kidneys is described 
at length. This lesion is regarded as causing the secondary degeneration of both 
the heart and the kidneys. The possible relationship of the anatomic lesions and 
the clinical course in a case of this type to low virulence of the invading organism 
and the absence of acute reaction on the part of the host is discussed and con- 


trasted with more fulminating processes. 
. ting Pp AvuTHORS’ SUMMARY. 


3RUCELLA ABORTUS FROM A HuMAN Fetus. C. M. CARPENTER and R. Boak, 
J. A. M. A. 96:1212, 1931. 


Bacteriologic examination of twenty-eight human fetuses and_ thirty-four 
placentas for Brucella abortus gave no evidence ‘of infection except in one case. 
In this case typical cultures of B. abortus were obtained from the fetal viscera. 
Tests for agglutination and absorption of agglutinins confirmed the earlier results. 
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A guinea-pig inoculated, and eighty days later examined post mortem showed 
typical pathologic changes, while cultures of B. abortus were isolated from the liver 
and the spleen. The blood serum of this animal had a titer of 1:1,215 when 


tested against an abortus antigen. Fou, Denves. 


EFFEct OF TOXINS AND VENOMS ON Protozoa. C. H. Puivport, J. Exper. 
Zool. 56:167, 1930. 


Under the conditions of the investigation, botulinus toxin, tetanus toxin, and 
ricin had no effect on Paramecium caudatum. The venom of eight snakes was 
found, however, to be highly toxic for paramecia. From a study of the effect 
of the venom of Crotalus atrox on eleven species of protozoa it appears that some 
species are more susceptible to the fatal action of the venom than others. The 
agent in this venom that is lethal to protozoa is thermolabile and is neutralized 
by crotalic antivenin. 

Paramecia have been used as test animals in titrating the potency of venoms. 
Repeated titrations in which paramecia were used as test animals have shown 
small variation in the results for each venom. In these titrations the minimal 
lethal dose is defined as the smallest amount of venom per cubic centimeter of 
medium per animal required to kill paramecia within twenty-four hours. Para- 
mecia have also been used in titrating the potency of crotalic antivenin, but the 
titer thus obtained does not correspond to that obtained when warm-blooded 
animals are used as test animals. 

The agent that is responsible for the lethal action of venoms on paramecia 
is not the same in all venoms. In crotalic venoms the agent responsible for the 
death of paramecia seems to correspond to hemorrhagin, while in cobra venom 
it seems to correspond to neurotoxin, according to Noguchi’s classification of the 


xi nstituents of venoms. x 
tomte ¢o . . CHARLES H. PHILPorTT. 


TissuE SPECIFICITY IN ANTHRAX INFECTION. V. BuRKE and L. A. BARNEs, 
J. Immunol. 20:173, 1931. 


The gelatinous infiltration in the subcutaneous tissue characteristic of anthrax 
infection occurs where the organisms are deposited, regardless of the location 
of the needle puncture through the skin. The pathogenicity of Bacillus anthracis 


is not specific for the skin. peel eR Ne 


BACTERIOPHAGE AND ENFORCED Dissociation. P. HapLey and B. Jiménez, 
J. Infect. Dis. 48:176, 1931. 


A pure S culture of Bacillus paratyphosus A was dissociated in 10 per cent 
homologous serum broth. Six transfers at forty-eight hour intervals gave R 
colonies. The rough colony was grown in 30 cc. amounts of broth over night, 
filtered through a Berkefeld N filter and tested against the S type for bac- 
teriophage. The third filtrate yielded a phage. To overcome the objection that 
the blood of the rabbit immunized against the S type contained bacteriophage, a 
second experiment was tried. An S culture was grown in 30 cc. of 7.8 beef 
infusion broth for twenty-four hours at 37 C. and then was allowed to stand 
at the temperature of the room for four and one-half months. At this time 
plating showed only R colonies. With this culture the first filtrate revealed 
numerous lytic areas and a strong bacteriophage was built up. To test for the 
presence of phage in the original old culture, 1 cc. of the old culture was added 
to 30 cc. of broth and filtered. No lysis was observable on the plates. The 
view that bacteriophage is merely one aspect of the larger problem of microbic 
dissociation is discussed. 


Epna DELVEs. 
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LysOZYME IN THE DEVELOPMENT OF THE INTESTINAL FLORA OF THE NEw- 
Born InFant. L. Rosentuat and H. LresperMan, J. Infect. Dis. 48:226, 
1931. 


The rapid disappearance of the initial adventitious flora from the stools of 
nurslings is due to the action of lysozyme. The following facts sustain this 
hypothesis: Bacteria of the air are especially sensitive to the action of lysozyme. 
Human milk in contradistinction to cow’s milk contains lysozyme. Lysozyme 
introduced with food passes through the intestinal canal and appears in the stool. 
The period of rapid destruction of air-borne bacteria in the intestines of infants 
coincides with the period in which lysozyme begins to appear in detectable quantity 
in the stools. Lysozyme is not found in the stools of infants fed cow’s milk, who 
do not get it in their food supply, and rapid destruction of air-borne invaders does 
not occur in these infants. We may also assume that lysozyme, which persists 
during the entire period of breast feeding, continues to protect the intestines from 
invasion by bacteria of the air. Also, lysozyme inhibits the growth of Bacillus coli 
and apparently does not affect B. bifidus. Lysozyme may play a role in the 
stabilization of the intestinal flora of nurslings by eliminating B. coli. 


From AuTHOR’S SUMMARY. 


Ecc York AGAR MEDIUM IN TuBERCULOsIS. R. D. HERROLD, J. Infect. Dis. 
48:236, 1931. 


The use of egg yolk in nutrient agar simplifies the cultivation of Bacillus 
tuberculosis, as well as of other bacteria that ordinarily require highly nutrient 
mediums. It can be used for both plates and slants. Comparative tests indicate 
that this method is much more certain than smears and not only as delicate as, 
but also much more prompt than, the inoculation of guinea-pigs. Initial cultures 
from a variety of infected exudates demonstrate that the value of cultures in this 
medium in clinical diagnosis is greater than that of smears. A moist atmosphere 
and a temperature ranging between 34 and 36 C. are essential for optimum growth 
of tubercle bacilli on the egg yolk medium. The yolk of one egg is added to 
150 cc. of melted agar (fu 7.5) at a temperature of 60 C. The agar is allowed 
to cool to about 40 C., and about 25 cc. poured into each Petri dish. 


AUTHOR’S SUMMARY. 


BACTERIAL FLORA OF RESPIRATORY SYSTEM OF NORMAL Docs. H. LIvINc- 
STONE and W. E. Apams, J. Infect. Dis, 48:282, 1931. 


One third of the dogs that appeared normal on external examination presented 
gross evidence of bacterial contamination of the tracheobronchial tree at autopsy. 
All the dogs were found by bacteriologic examination to have contamination in 
the parenchyma of the lung. Occasional contamination of the tracheobronchial 
tree of normal dogs was determined by bacteriologic examination. Excessive 
contamination of this area was demonstrated in dogs presenting gross contamina- 
tion. Bacteria were present in the blood in four of eleven normal dogs. Con- 
tamination of the blood stream was found more frequently in dogs showing gross 


contamination of the tracheobronchial tree. Lnscteedia? Sivtenaine 


Actpity IN BruceL_ta Cuttures. S. H..McNutt and P. Purwin, J. Infect. 
Dis. 48:292, 1931. 


Broth and peptone solution in which Brucella was grown without sugar became 
strongly alkaline. When dextrose, levulose, galactose, xylose or arabinose was 
added, the medium still became alkaline, even though determinations of sugar 
showed a loss. When sugars were added to a solution of nutrose and serum, and 
the medium was inoculated with Brucella, very evident traces of acid were often 
produced in dextrose, levulose, galactose and xylose. With arabinose, greater 
quantities of acid were formed. When Brucella was limited to a sugar as the 











488 ARCHIVES OF PATHOLOGY 


only source of carbon, experiments indicated that growth took place in both 
arabinose and xylose. It was impossible to classify the strains according to source 


when grown in carbohydrate mediums. Auruoes’ Semuee 


BACTERIAL FLORA OF INTESTINAL SEGMENTS. VERA SmitH, J. Infect. Dis. 
48:295, 1931. 


The organisms most commonly found in isolated loops of the small intestine 
belong to the Bacillus coli, Streptococcus, Staphylococcus and Clostridium welchii 
groups. Cl. welchii is present in the loop in a large percentage of dogs soon after 
operation, but tends to disappear from the isolated segment after a few weeks. 
No apparent toxemia is produced, although Cl. welchii may be present in the loop 
for some time. Isolated intestinal loops do not tend to become sterile. Contents 
of segments from different levels do not differ more than do those of segments 
of the same level. The same types of organisms are present over a long range of 
the pu scale. The number of organisms per cubic centimeter of loop material 


varies greatly from day to day. Aurnon’s Suma 


RELATION OF STREPTOCOCCI TO THE FILTRABLE ViRUS OF EpizooTic ENCEPH- 
ALITIS OF THE Fox. E. C. Rosenow, J. Infect. Dis. 48:304, 1931. 


A streptococcus with distinctive cultural, serologic and neurotropic properties 
has been isolated consistently from the brains of young foxes and dogs that have 
succumbed to encephalitis following the inoculation of virus. The characteristic 
symptoms and lesions produced by the virus were closely simulated following the 
injection of gaged doses of a strain of the streptococcus after it had passed through 
from few to many rapidly repeated subcultures. From one strain of the strepto- 
coccus, which was isolated from the brain of a dog that succumbed to the virus 
and which was carried through thirty-three subcultures, a filtrable virus seemingly 
has been produced. The period of incubation, the symptoms during life and the 
lesions after death in animals given injections of the artificial virus were the 
same as for the natural virus. The streptococcus was isolated from the brain 
with the same difficulty as was the natural virus. The cultural characteristics, the 
serologic reactions and the virulence of the streptococcus from the natural virus 
and the artificial streptococcus were the same. The streptococcus from the natural 
virus protected animals against the artificial virus. The artificially produced virus 
resisted glycerination for from fifteen days to six months. The method of injec- 
tion and that of preparing the type of antigen used for immunization are relatively 
simple and practical in application for prophylactic immunization against the highly 
fatal disease in foxes. The conclusion that the streptococcus isolated has etiologic 
significance in the epizootic encephalitis of foxes, and that it gives rise to the 


filtrable virus seems rranted. 
as . warranted From AuTHOR’s SUMMARY. 


SpLENIC LESIONS IN CANINE RasiEs. R. D’AuNoy and J. L. Beven, J. Infect. 
Dis. 48:335, 1931. 


Gross and microscopic study of the spleen in 100 rabid and 50 nonrabid dogs 
failed to establish any marked relative splenomegaly or microscopic splenic changes 
that could be considered pathognomonic for canine rabies. 


AUTHORS’ SUMMARY. 


EXPERIMENTAL SCARLET FEvER. T. Toyopa, Y. Futacr and M. OKamorto, 
J. Infect. Dis. 48:350, 1931. 


Experimental scarlet fever was produced in three children inoculated with 
freshly. isolated strains of scarlet fever streptococci. Five children treated with 
old strains yielded no case of scarlet fever. Filtrates of shaken streptococcus 
cultures did not cause the disease in susceptible children, strengthening the evidence 
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that scarlet fever is caused by the scarlatinal hemolytic streptococcus and not by 


a filtrable body attached to the streptococcus. Rous Darvas. 


BACTERIOLOGIC EXAMINATION OF MILK. F. BoERNER and M. O. Rosinson, 
J]. Infect. Dis. 48:372, 1931. 


Spreaders on agar plates used in counting milk was not found to be due to 
faulty sterilization or to faulty technic. The condition of the surface and the 
depth of the agar influence the spreading of colonies of Bacillus subtilis and B. 
proteus. Plates dried over night and containing only 10 cc. of agar per plate 
prevent the spreading of surface colonies. 


Epna DELVEs. 


3RUCELLA BACTERIOPHAGE. R. GwaATKIN, J. Infect. Dis. 48:404, 1931. 


Five samples of feces from infected and four from uninfected cows were 
examined for the presence of Brucella abortus phage. Nine samples of milk from 
infected and four from uninfected animals were also examined. One infected 
fetus, uninfected twin fetuses, six apparently normal fetal membranes and three 
samples of blood from infected cattle were tested. There was no evidence of 
bacteriophage in the material examined. Poor growth or absence of growth on 
agar was shown to be due to water of condensation. No lytic agent could be 
demonstrated in the clear or in the partially inhibited areas. Attempts to lyse 
B. abortus with Salmonella pullorum phage were unsuccessful. 


From AuTHOR’s SUMMARY. 


3ACTERIAL GROWTH IN Uppers or Cows. H. R. Curran, J. Infect. Dis. 
48:408, 1931. 


Bacteria in the udders of living cows remain numerically constant, but increase 
rapidly immediately following death and the removal of the blood. Rapidly 
growing invasive types of streptococci are most affected. In some cows the flora 
do not increase during the postmortem period of incubation; slow-growing micro- 
cocci and streptococci usually comprise this group. The increased multiplication 
frequently attending the withdrawal of blood suggests that the circulatory system 
is directly or indirectly associated with the formation of the bactericidal substance 


in milk, From AvuTHOoR’s SUMMARY. 


THe Virus oF Psittacosis. S. P. Bepson and G. T. WEsTERN, Brit. J. Exper. 
Path. 11:502, 1930. 


The guinea-pig is susceptible to the virus of psittacosis, and this animal can 
be used for maintaining strains, or what is probably more important, for their 
titration. Quantitative filter and centrifuge experiments indicate that the virus 
of psittacosis is relatively large. The relation between the virus and the micro- 
organismlike bodies present in virulent material is discussed. Virulent mouse 
spleen loses its activity rapidly when stored in 50 per cent glycerol, but much 
less rapidly when placed in fiftieth-molar phosphate, pu 7.6. A phosphate suspen- 
sion of mouse spleen stored at 6 C. maintained the virulence unaltered for thirty- 
four days. Beyond that time the virulence appeared to fall off rapidly. Freezing 
would seem to be a satisfactory method of conserving the virus in normal spleen, 
at any rate for periods up to two months. Evidence is produced in support of 
the immunologic identity of strains of psittacosis virus of various origins. 


AvuTHOoRS’ SUMMARY. 


LATENT AND OccuLT TUBERCULOSIS OF BRONCHIAL GLANDS. W. M. CuMMING, 
S. J. HarRTFALL and J. G. Tomson, J. Path. & Bact. 34:157, 1931. 


The results of a bacteriologic and histologic investigation of bronchial glands 
in nontuberculous: subjects is recorded. In 7 of 108 cases, tubercle bacilli of human 
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type were isolated. In 3 of these cases there were histologic evidences of 
tuberculous infection, while in 4 the glands were histologically normal. In 
no case bacteriologically negative was there a histologic lesion. 


AuTHORS’ SUMMARY. 


Errect oF Diet 1n EprIpEMIc INFECTIONS IN Mice. W. W. C. TopLey, M. 
GREENWOOD and J. Witson, J. Path. & Bact. 34:163, 1931. 


Mice fed on a basal diet of whole wheat flour, casein, butter and a salt mixture 
showed no advantage cover mice fed on a diet of whole oats, milk and water, as 
regards their liability to contract a fatal infection during an experimental epidemic 
caused by B. aertrycke. The addition of an excess of fat, butter or lard, or of a 
vitamin A concentrate, to this diet appeared to react unfavorably on the mice at 
risk. This unfavorable action was not manifest when the mice were infected by 
intraperitoneal inoculation. Under these conditions there was a suggestion that 
the mice fed on the diet of whole oats, milk and water were slightly less resistant 
than the other groups; but the differences observed were insignificant. The 
addition of cabbage, carrots or mangolds to the normal diet did not lessen the 
severity of the epidemic which followed exposure to infection. The addition of 
carrots appeared to react unfavorably; the effect produced by the addition of 
mangolds was in the same direction, but the difference in this case was not 
significant. No evidence was obtained that any of the modifications in the 
customary diet so increased the resistance of the mice as to produce a significant 


rease i i i i itions. Sa 
decrease in mortality under epidemic conditions Apraced’ Samuel. 


CHANGES IN THE BLoop SUGAR AND BLoop PEOSPHORUS IN RABBITS FOLLOW- 
ING THE INJECTION OF SUSPENSIONS OF Bact. AeRTRYCKE. M,. E, DEeta- 
FIELD, J. Path. & Bact. 34:177, 1931. 


Intravenous inoculations of rabbits with dead suspensions of Bacterium aertrycke 
and of the bacterial filtrate cause a hyperglycemia which is followed by a hypo- 
glycemia. When death of the animal occurs, it is in the hypoglycemic phase. 
The inorganic blood phosphorus lessens in amount during hyperglycemia and 
increases again, often above the initial value, during the hypoglycemic phase. 
Organic acid-soluble blood phosphorus in many cases tends to increase during 
hyperglycemia and decreases during hypoglycemia. Treatment of the bacterial 
bodies by alcohol, acetone, steaming or autoclaving does not alter the type of the 
chemical response. The heated organisms are as active chemically as the unheated, 
although their enzymic activity as tested by the methylene blue technic is much 
reduced. Diphtherial toxin does not give the same type of response. There is 
no immediate change in the sugar and the phosphorus content of the blood, although 
these begin to rise after two hours and reach a very high level after two days. 


AUTHOR’s SUMMARY. 


ULTRAVIRUSES INDUCING NEUROTROPIC EcTopERMOsES. C. LEvapiti, Ann. 
Inst. Pasteur 45:673, 1930. 


The infections considered are those induged by ultraviruses demonstrating an 
elective affinity for tissues derived from the ectoderm, as variola, vaccinia, epidemic 
encephalitis, experimental herpes, poliomyelitis, rabies, et al. The author concludes: 
“The neurotropic ectodermoses, belonging to a group of leukoneuraxitis, have a 
different pathogenesis according to which the ultravirus has an elective affinity for 
the microglia or for the oligodendroglia. In the first case, the leukoneuraxitis 
reveals inflammatory and lipolytic characteristics, whereas in the second it proceeds 
with a disturbance of the lipoid metabolism lying in the oligodendroglia (lipotrophic 
leukoneuraxitis). However that may be, the result is a grouping of the evidence 
to the effect that there is demonstrated an elective affinity of neurotropic uitra- 
viruses for such and such a group of cellular elements of the axone which 
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determines the clinical type, the evolution and the distinctive histopathologic 
characteristics of neurotropic ectodermoses.” These conclusions are supported by 
twenty-two illustrations of gross and histologic specimens, which are briefly 


discussed. M. S. MARSHALL. 


Immunology 


VACCINIA: SUSCEPTIBILITY OF Mice AND ImMuUNOLOGIC StupiEes. M. J. 
Rosenau and H. B. ANpERvontT, Am. J. Hyg. 13:728, 1931. 


Our attempts to vaccinate mice on the skin of the abdomen seemed to fail. 
We could not believe, however, that this particular species among rodents could 
have a natural resistance in view of the wide host susceptibility to vaccine virus. 
Our first thought was that a successful “take” might be obtained by increasing 
the vascularity of the skin. This we did by various physical and chemical means, 
but without success. Next, we tried several methods of enhancing the virulence 
of the virus, but again failed to satisfy ourselves that a successful “take” had 
been produced. Attempts to alter the susceptibility of the mice were also nega- 
tive. Active vaccine virus was found in scrapings from the skin six days after 
vaccination. We did not consider the presence of the live virus in the skin as 
conclusive evidence of a “take,” because definite assurance of its multiplication 
was not available. Such an occurrence might simply mean survival. We know 
furthermore that vaccine virus is widely distributed throughout the body in vac- 
cinta. The skin of the abdomen of mice is so thin that only occasionally and 
with special strains of vaccine virus will a reaction be produced that can be 
considered successful, and even then the “take” is so small and indefinite that 
in no case could we say with anything like finality that a primary vaccination 
had been produced. Nevertheless, when these mice were subsequently tested they 
were found to be immune to vaccinia, clearly indicating that infection had taken 
place even in those mice on which no visible evidence of skin reaction could be 
discerned. As further evidence that the thickness of the epidemal layer of the 
skin is the determining factor in a visible “take,” we found that typical vesicles 
follow vaccination upon the pad of the foot or the skin of the tail. These obser- 
vations confirm the pathologic picture in that the papular and vesicular lesions 
of a vaccine “take” reside mainly in the epithelium. In another series of tests 
it was demonstrated for the first time that mice are. susceptible to vaccinia by 
inoculating the virus into the brain. This is true, however, only for an especially 
virulent strain rendered specifically active by particular technic. We carried the 
virus through a series of 28 mouse-brain passages extending over a period of 
six months and showed that vaccine virus was responsible for the symptoms 
observed by cross immunity tests with rabbit neuro-vaccine and calf dermovac- 
cine. The symptoms are tremors, lethargy and sometimes a brief period of 
terminal excitement and convulsions. These results should not be interpreted as 
vaccinal encephalitis as usually understood. Furthermore, microscopic examina- 
tion of the brains of mice after intracranial inoculation of vaccine virus failed 
to reveal lesions described as characteristic of vaccinal encephalitis. 


AUTHORS SUMMARY. 


FURTHER STUDIES ON THE IMMUNOLOGY OF THE PNEUMOCOcCUS. W. A. 
Jamieson and H. M. Power, Am. J. Hyg. 13:823, 1931. 


Under conditions not entirely understood some pneumococci produce toxic 
substances not greatly unlike those that have been described in studies of 
various streptococci. These can be detected and measured by human skin tests 
and similar tests carried out upon certain breeds of rabbits. Specific skin test 
neutralizing pneumococcus serums have been produced by subcutaneous injection 
of horses. The “skin test” potency of such serums appears to be concentrated 
to a moderate degreé in the refining of globulins by well known salting out 
methods. These concentrated materials compare very favorably with the best 
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scarlet fever streptococcus serums on the basis of skin test estimations of 
potency. They contain only a small amount of animal protective body. A limited 
clinical use of serum of such nature indicates that further tests may well be 
carried out with combined antibacterial and anti skin toxic serum. 


AvuTHoRS’ SUMMARY. 


HETEROPHILE ANTIGEN IN PNeEumococcr. G. Howarp BaILey and Mary 
SHAw SuHors, Am. J. Hyg. 13:831, 1931. 


Rabbits injected with a large number of cultures of different types of pneu- 
mococci and one culture classified as a green-producing streptococcus, developed 
a potent anti-sheep hemolysin in their serums. Such an antibody is also formed 
in rabbits infected with pneumococci or fed the killed cultures. The hemolysin 
in the serums of such rabbits gives the characteristic reactions of the heterophile 
antibody stimulated in these animals by the injection of boiled sheep red blood 
corpuscles. Antipneumococcus hemolytic antibody may be removed from serums 
by absorption either with homologous or heterologous boiled pneumococci or with 
boiled sheep corpuscles. Such an antibody has the property of primary toxicity 
for the guinea-pig. Rabbits immunized with sheep red blood corpuscles are rela- 
tively resistant to intravenous infection with type I pneumococcus. These results 
indicate that heterophile antigen and antibody have a definite biologic signifi- 


cance in pneumococcus infections. a eee 


THEORETICAL CONSIDERATIONS IN CONNECTION WITH A COLD INCUBATION 
COMPLEMENT Fixation Test. B. S. Levine, Am. J. Syph. 15:225, 1931. 


The precipitation of the antigenic complex from the colloidal suspension in 
the serum is essential to the fixation of complement. Separation or conglomera- 
tion of the complexes as sensitized entities is firmer and more complete, though 
slower, at from 8 to 10 C. This is due to the fact that the phase augmentation 
and the concomitant sensitization of the antigen complex are reversible processes, 
more pronounced at 37.5 than at from 8 to 10 C. Since the antigen complex is 
not a specific immunochemical entity, it causes complement to be fixed in non- 
syphilitic serums as well. However, in the majority of syphilitic serums, the 
reaction curves, as a rule, extend farther along the abscissa, and their crests 
are higher than in the reaction curve of all other serums. Therefore, the gen- 
eral reaction can be conveniently divided into levels. The lower the reaction 
level, the greater is the number, and the more varied the type, of serums that 
will respond to the influence of the so-called antigenic reagent. By raising the 
level, a number of serums can be excluded. It would appear, theoretically, that 
a diligent search might disclose a reaction level at which only syphilitic serums 
would be involved. However, since the intensity of any serum reaction, that is, 
the path followed by its curve, is determined not only by the type of immuno- 
reacting substances in the serum, but by their concentration and by serum factors 
which influence dispersion as well, the selection of a level at which all syphilitic, 
and at the same time only syphilitic, serums could be made to react is unattainable 


with the present insufficient knowledge. Rinse Simian 


ANAPHYLACTIC AND TUBERCULIN TYPES OF HYPERSENSITIVENESS. L. DIENEs, 
J. Immunol. 20:333, 1931. 


The crystalline egg albumin and egg globulin differ considerably in their 
relationship to the different manifestations of hypersensitiveness. The crystalline 
egg albumin tends to sensitize the organism to those manifestations of the hyper- 
sensitiveness which are mediated by antibodies. The egg globulin tends to sen- 
sitize to those in which the active immunization plays the more important role. 
The difference between the antigens lies in their capacity to produce a different 
type of sensitization. We find no marked difference between them concerning 
their capacity to produce antibodies or to elicit the reactions themselves. The 





ABSTRACTS FROM CURRENT LITERATURE 493 


observations with crystalline egg albumin and egg globulins present an analogy 
to the behavior of certain bacterial antigens that we usually find connected 
either with the tuberculin or with the anaphylactic type of sensitiveness. We 
have given a short review oi our experiences concerning the capacity of different 
antigens to produce the tuberculin type of skin sensitiveness. With all innocuous 
antigens that we tested—as eggwhite and animal serums—we succeeded in pro- 
ducing this sensitiveness. With bacterial antigens we have not so far succeeded 


in producing it. AUTHOR'S SUMMARY. 


Loss oF DIPHTHERIA ANTITOXIN IN Human Urine. J. M. Nem, E. L. 
GasPaRI and R. A. Mostey, J. Immunol, 20:347, 1931. 


The paper reported a study of the elimination of “natural” diphtheria anti- 
toxin in human urine. The urines were divided into three classes: those con- 
taining no detectable serum protein as obtained from persons whose renal 
permeability to protein was normal; those containing moderate amounts of protein 
as obtained from persons (cardiac failure and orthostatic albuminuria) of abnor- 
mal renal permeability but with no lesions in the lower urinary tract; those 
obtained from persons with lesions in the lower urinary tract that might have 
afforded opportunity for whole serum to leak into the urine without filtration 
through the kidney. When derived from persons with normal kidney permeability, 
detectable amounts of antitoxin (0.002 to 0.004 unit per 1.0 cc.) were found only 
in the urines voided by a man possessing an exceptionally high (15.0 units) con- 
centration in his blood stream. When the urines contained moderate amounts 
of serum protein, antitoxin was contained if the donor of the urine possessed 
only moderately high amounts in his blood. The occurrence of antitoxin in urine 
containing no detectable serum protein is discussed. Data on the daily output 
of antitoxin showed that elimination by way of the urine can account for only 
a small portion of the drop frequently observed in the antitoxin content of the 
blood. However, none of the pathologic urines examined contained more than 
moderate amounts of albumin, and it is suggested that in cases of acute nephrosis 
or other clinical conditions in which large amounts of serum protein are elimi- 
nated, urinary elimination of antitoxin might be sufficient to cause a significant 


loss in the immunity reserves of the body. pe ee 


SPONTANEOUS IMMUNIZATION OF RABBITS TO VACCINE ViRUs. F. DuRAN- 
Reynats, J. Immunol. 20:389, 1931. 


The examination of the results shown in table I leads to the coriclusion that 
repeated injury from injection and bleeding increased the possibility of sponta- 
neous infection in an infected room. That this possibility was not materially 
influenced by the injection of an enhancing factor is evident by the fact that 
some animals injected with spleen or tumor tissue without enhancing power 
became immune as well as those receiving testicle extract. The part played by 
repeated injury is indicated by the low incidence of spontaneous immunization 
(13 per cent) among the tumor animals which received a single injection, com- 
pared with the much higher figure (38 per cent) for the rabbits repeatedly injected 
with the testicle and spleen extracts. The easy possibility of unnoticed infec- 
tions leading to development of subsequent immunity has an important bearing 
on the interpretation of the recently much discussed question of the production 


of immuni il ine virus. 
unity by killed vaccine virus Aurvtoate Scrmtane. 


TUBERCULOTOXINS. F. Eperson and M. A. Sweeney, J. Immunol. 20:395, 
1931. 


Experiments are reported the results of which indicate that filtrates of cul- 
tures of tubercle bacilli in hormone broth contain substances that are toxic for 
tuberculous guinea-pigs. These toxic substances were neutralized by the serum 
of a goat immunized with these substances over a long period. 


ee ee 
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Acip PRECIPITATION OF DIPHTHERIA Toxin. W. E. Bunney, J. CIANCIARULO 
and M. Kramit, J. Immunol. 20:417, 1931. 


A study has been made of yields of diphtheria toxin obtained by acid precipi- 
tation of the crude toxin. A comparison has been made between the yields 
obtained when the acid precipitate is centrifugated immediately after acidification 
and when twenty-four hours’ storage in the cold intervenes between the acidifi- 
cation and the centrifugation. Results are obtained which indicate that a satis- 
factory method for large scale purification of diphtheria toxin would consist in 
the addition of acid to the point of maximum precipitation followed by immediate 
centrifugation, washing and solution of the precipitate at the desired concentration. 


AvuTHORS’ SUMMARY. 


THE SPEED OF FLOCCULATION OF DIPHTHERIA TOXIN. W. E. BuUNNEY and 
M. Kriamnri, J. Immunol. 20:433, 1931. 


A toxin that on acidification yields a slight precipitate flocculating slowly 
in the Ramon test can be made to yield a rapidly flocculating precipitate by the 
addition to the toxin of a protein foreign to the diphtheria bacillus but precipi- 


tating at the same fu as the toxin itself. A iiwinimedt: Gatien 


TRANSMISSION OF SENSITIZATION FROM MOTHER TO CHILD. S. D. BELL and 
Z. Eriksson, J. Immunol. 20:447, 1931. 


Five cases of asthma and five of hay-fever in pregnant women were studied 
by the Prausnitz-Kiistner method as to the passage of antibodies through the 
placenta from mother to child. In each case the ability of the mother’s serum, 
while she was carrying the child, to give a local passive transfer to a normal 
individual was established, in most cases with the serum diluted 1:40 and in 
one case as high as 1: 320. In no case could similar properties be shown in the 


undiluted cord blood or the undiluted child’s blood. hesncnd Suaitieme. 


DIPHTHERIA ANTITOXIN IN HuMAN Sativa. J. Y. SuGG and J. M. NEILL, 
J. Immunol. 20:463, 1931. 


The concentration of antitoxin in the saliva was directly related to the con- 


centration in the blood; the average ratio of ee, was 14: 10-3; the 
serum antitoxin 


ratio remained of the same order of magnitude in spite of the wide range in 
serum antitoxin concentrations (1.25 to 60 units) occurring in the group of 
people studied. Exception to the usual ratio appeared to be characteristic of 
certain individual persons. The data indicate that during a year’s time the anti- 
toxin swallowed with the saliva would be equivalent to approximately 25 per 
cent of the total amount in the blood. Unless reabsorption occurs, the gastro- 
intestinal tract must be considered an important channel of loss. 


AvuTHORS’ SUMMARY. 


INFUSION AND INFUSION-FREE DIPHTHERIA Toxin. M. B. Kirxpripe, K. C. 
BERTHELSEN and R, F. CLark, J. Immunol. 21:1, 1931. 


Diphtheria toxin of uniformly high potency has been produced in infusion-free 
peptone medium on a routine basis for a period of nearly two years. The infusion- 
free toxin compares in all respects very favorably with routine infusion toxin for 
the immunization of horses in the production of diphtheria antitoxin. This toxin 
has also been used extensively in comparative flocculation-reaction tests and found 
in all respects to compare favorably with the infusion toxin. The flocculation- 
reaction test for standardization of diphtheria antitoxin proved more accurate when 
relatively large volumes were measured by pipettes than when the micrometer- 
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syringe method was used. Closer agreement was found between the flocculation- 
reaction-test and the subcutaneous animal method for the determination of anti- 
toxic content than between the flocculation and the intracutaneous animal test, or 
between the subcutaneous and the intracutaneous test. The flocculation-reaction test 
was satisfactory for preliminary estimations of the antitoxin content of the con- 
centrated as well as of the untreated serum. Besides its other advantages, the 
great saving in production cost as compared with the usual meat-infusion toxin 
makes the infusion-free peptone toxin an important economic factor where large 
amounts of toxin are required for the production of diphtheria antitoxin, for 
standardization, and possibly also for the active immunization of persons with toxoid. 


AvuTHORS’ SUMMARY. 


SuRFACE PHENOMENA IN THE REACTION OF TOXIN AND ANTITOXIN. K. C. 
BERTHELSEN, J. Immunol. 21:21, 1931. 


It has been demonstrated that the toxin-antitoxin flocculation first takes place 
at the liquid-air surface, where the surface energy is at a minimum. Tests of 
toxin made during its production in infusion-free peptone medium and particularly 
after purification by ultrafiltration, showed that the shorter the flocculation- 
reaction time the higher the surface tension, measured in dynes. The results of 
tests made with an antitoxic serum in which the protein particles had been 
denatured by heat, showed that there exists a parallelism between the flocculation- 
reaction time and the surface tension in dynes. These experiments indicate that 
changes in the colloidal state of the toxin-antitoxin interfaces probably result in 


changes in the reaction time. Aurton's Sutane 


FLOCCULATION-REACTION TIME IN THE COURSE OF IMMUNIZATION AND THE 
CHANGES OF THE PROTEINS. K. C. BERTHELSEN, J. Immunol. 21:43, 1931. 


The flocculation-reaction time in general shows a continuous increase during 
the immunization period. This reaction time is in no way directly related to the 
titer; but it does seem possible in many instances to find a relationship to the ability 
of the individual horse to produce antibodies. It has been demonstrated that the 
increase in flocculation-reaction time is not related to quantitative changes in 
protein fractions. It must, apparently, be due to qualitative differences. No 
qualitative differentiation in the protein complexes could, however, be demonstrated 
by means of surface-tension measurements. On the basis of this study it is, there- 
fore, concluded that it is necessary to investigate further the electro-kinetic phe- 
nomenon in order to gain a better knowledge of the qualitative characteristics of 


the immune protein. Avence’s Suetiniey 


THE DISTRIBUTION OF ELECTROLYTES IN SERUM DuRING IMMUNIZATION. K. C. 
BERTHELSEN and P. P. Murpick, J. Immunol. 21:69, 1931. 


On the basis of the experimental data obtained in a study of serum from horses 
undergoing immunization with diphtheria toxin, the diffusible calcium in the serum 
displayed a noticeable tendency to decrease in the twenty-four-hour period follow- 
ing the injection of large amounts of toxin. A somewhat similar tendency was 
also noted in the case of the total calcium and the total base. There was con- 
siderable fluctuation in the amounts of total and diffusible phosphorus during the 
immunization period, but with no apparent relationship to the development of 
immunity, although these values tended to decrease as the antitoxic potency 
increased. It is suggested that this drop in diffusible calcium, and possibly also 
in other electrolytes, is a chemical factor related to the immunologic stimulation 


srocess, 
I AvuTHORS’ SUMMARY. 
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ROLE OF THE NERVOUS SYSTEM AND OF CONDITIONAL REFLEXES IN IMMUNITY. 
S. METALNIKOov, Ann. Inst. Pasteur 46:137, 1931. 


By the use of methods developed by Pavlov, immunologic responses were 
obtained following the use of conditional stimuli. These were produced by follow- 
ing the injection of antigen in rabbits with various external stimuli (scratching or 
heating of the skin, ringing of a bell, etc.). After from twenty to twenty-five such 
injections followed by stimuli the animals were left alone for about fifteen days; 
then the stimulus alone without the injection of the antigen was followed in some 
animals by an immunologic response. The responses that were obtained included: 
(1) leukocytosis, following the injection of vibrio of cholera plus stimulus, and 
later following the stimulus alone, (2) agglutinins for the same micro-organism 
and (3) cellular reactions in the peritoneal cavity. Nonspecific immunologic 
responses were obtained by injecting guinea-pigs with filtrates of staphylococci or 
with Bacillus anthracis, accompanied by external stimuli. After an interval the 
external stimulus alone was repeated, followed by an injection of fatal doses of 
Vibrio of cholera. The animals so prepared survived while the controls died. 
The role of the central nervous system in immunity was studied in certain insects. 
The third thoracic ganglion seemed to be of importance for both natural and 
acquired immunity. The author’s experiments with higher animals were not 
successful. However, the recently published work of Speransky is quoted (The 
Nervous System in Pathology, Leningrad, 1930, in Russian), in which all sensory 
and motor nerves were removed from the left ears of two rabbits. To both ears 
of one of them Besredka’s antivirus was then applied, followed in twenty-four hours 
by an injection of a culture of staphylococci. The control animal and the left 
denervated ear of the experimental animal showed a severe inflammation, while 


the right ear was left intact. l Daemeoen 


A SpeEcIFIC WASSERMANN REACTION IN Hepatic Distomrasis. G. CEL LI, 
Policlinico 38:171, 1931. 


A girl, aged 11 years, suffering from hepatic distomiasis but without any signs 
of syphilis, gave a positive Wassermann reaction which disappeared as the 
distomiasis improved under treatment. 


MILK ANTIBODIES IN THE SERUM OF NurRSLINGS. P. GyOrcy, E. Moro and 
E. Witessky, Klin. Wchnschr. 10:821, 1931. 


Complement binding antibodies for milk were present in the serums of 40 
of 60 infants on a formula diet and normal nutritional conditions. These anti- 
bodies correspond in their properties to immune substances (precipitins) and differ 
from those significant in the genesis of eczema infantum. 


AUTHORS’ SUMMARY. 


THE WASSERMANN REACTION WITH FLUIDS OF THE TISSUES. LEO VON 
WIKULLIL, Miinchen. med. Wchnschr. 78:708, 1931. 


The results of Wassermann tests with fluids from cantharides vesicles are 


comparable to those with serum. . 
parable to those wit AUTHOR’S SUMMARY. 


SPLEEN AND PuHacocyTosis. ERWIN SCHLIEPHAKE, Ztschr. f. d. ges. exper. 
Med. 77:204, 1931. 


An extract of spleen is described which appears to stimulate phagocytosis. 
Staphylococci and tubercle bacilli were used as test organisms. The typical effect 
takes place even with minute quantities of the splenic extract, but it is not pro- 
portional to the amount used. The extract is inactivated by boiling. 


SANDER COHEN, 
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SpeciFIc ANTIGENS AND ANTIBODIES OF THE BrRaIN. P. Sxkwirsky, B. 
ARONOWITSCH and N. NejyoLowa, Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 70:195, 1931. 


This is a check of the report of Georgi and Fischer on the demonstration in 
the blood serum of brain antibodies with the help of the absorption technic of 
Witelski. Lipoids of brain and heart with and without cholesterol are added to 
the serums for the purpose of absorbing the corresponding antibodies. Sub- 
sequently complement fixation tests are carried out with the same antigens. The 
results of Georgi and Fischer are refuted by pointing out the possible error in 
technic; even prolonged centrifugation does not remove the lipoids added to the 
serum. Brain antigen proved less satisfactory than heart antigen in complement 
fixation tests with serums and spinal fluids from patients with neurosyphilis. 


I. DAVIDSOHN. 


THE SPECIFICITY OF IMMUNE SERUM AND THE SERUM DIAGNOSIS OF BACTERIA. 
A. Aout, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:217, 1931. 


The antigenic substances in bacteria can be divided into two groups of partial 
antigens, one of which is shared with many related species, the other being specific 
for the particular species. Both groups of partial antigens are represented in the 
immune serum by corresponding antibodies. In certain species the specific partial 
antigens are present in single individuals. By proper absorption specific immune 
serums can be produced, which permit the differentiation as well as the demon- 
stration of interrelationships between the bacterial species. In this manner it was 
possible to produce specific agglutinating serums for the various bacteria of the 


Gz 
Salmonella group. . Daveneoun. 


ABSORPTION EXPERIMENTS WITH HEMOLYTIC ANTIBODIES. TSIEN-YUNG TsU, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:223, 1931. 


Contrary to previous conceptions, absorption of hemolytic antibodies by kaolin 
from undiluted serum was demonstrated. The absorbed hemolytic amboceptor was 
shown by its action on red blood cells, and it could be separated from the absorbent 
by proper means. Sodium hydroxide interfered with the absorption of the hemolytic 
antibody by kaolin, while hydrochloric acid was indifferent or even favorable. The 
already effected combination of kaolin and hemolytic antibody was dissolved by the 
action of diluted sodium hydroxide as well as of inactivated sheep or rabbit serum. 


I. DAVIDSOHN. 


ADVACCINE (ANTIDENATURED VACCINE). L. A. SILBER and E. I. WostrucHowa, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:239, 1931. 


The previous communication dealt with the use of glycerin as an antidenaturing 
menstruum for the vaccine. Due to its locally irritating qualities, it was success- 
fully replaced by saccharose and table sugar. (Fructose proved unsatisfactory.) 
The thermal death points of Bacterium paratyphosum B, Bacterium abortum equi 
and of other bacteria suspended in the sugars mentioned were raised. Mice 
immunized with vaccines of Bact. paratyphosum B and Bact. abortum equi, 
prepared with the sugars, showed a lower mortality and greater resistance to 
subsequent injections with the live organisms than when vaccines prepared with 
physiologic solution of sodium chloride were used. About 500 persons immunized 
with Bacterium typhosum vaccine, prepared as described, showed less local and 
general reactions and as good an antibody response as an equal number treated 


with a regular formaldehydized vaccine. t Davineonx 
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ATTEMPTS TO IMMUNIZE RABBITS AGAINST TUBERCULOSIS. K. W. JOETTEN and 
W. PFANNENSTIEL, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:250, 
1931. 


Rabbits were treated intravenously with small, increasing doses of salt suspen- 
sion of dried tubercle bacilli of human type, having a low virulence for rabbits 
and not infectious for guinea-pigs. A considerable number of them showed an 
increased resistance to tubercle bacilli and a few were fully protected. Immuniza- 
tion with B C G was not more efficient than with human strains, but when adminis- 
tered to rabbits with old chronic lesions B C G seemed to be beneficial. In none of 
the experiments did B C G show any advantages as compared with the human stains. 
The Friedmann tubercle bacilli seemed to behave in a manner similar to B C G, but 
were somewhat less effective. Inhalation of human tubercle bacilli of a low viru- 
lence for rabbits produced a gradually increasing resistance against virulent bacilli. 
After about three hundred days the effect of the immunization began to abate. 


I. DAVIDSOHN. 


THE SEPARATION OF HEMOLYTIC ANTIBODIES FIXED BY KAOLIN AND THEIR 
AMBOCEPTOR FuNcTION. CaspaR Tropp, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 70:289, 1931. 


The hemolytic amboceptor removed from diluted antisheep hemolysin by kaolin 
could be separated from the latter with hundredth-normal sodium hydroxide. The 
amount recovered was directly proportionate to the original concentration of the 
amboceptor. Room and incubating temperature were more favorable than icebox 
temperature, but only if short periods (five minutes) were used. Treatment with 
physiologic solution of sodium chloride did not remove the hemolytic antibody from 
the kaolin even at 45 C. Kaolin loaded with amboceptor exerts hemolytic action 
after the addition of complement. The hemolytic tendency of the kaolin proper 
is eliminated by the added guinea-pig serum, and its anticomplementary effect is 


met by increasing the dose of the complement. . Daviess 


COMPLEMENT-FIXATION EXPERIMENTS WITH ALCOHOLIC CANCER EXTRACTS AND 
WITH OTHER SYNTHETIC ANTIGENS. M. ErsierR and J. JAcOBSOHN, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 70:301, 1931. 


Cholesterolized alcoholic extracts of cancerous tissues gave positive complement 
fixations with 50 per cent of serums from cancerous patients and with 35 per cent 
of various other noncancerous conditions. A pure cholesterol antigen, containing 
from 3.5 to 7 times as much of that substance as was present in the former, gave 
55 per cent fixation in cancerous and 33 per cent in noncancerous conditions. There 
was no regularity in the behavior of the serums with both antigens. Serums from 
syphilitic and pregnant noncancerous patients reacted frequently with cancer extract 
but rarely with pure cholesterol. Extracts of normal organs did not react. Chol- 
esterol and mixtures of palmitic and oleic acids and cholesterol were antigenic. 
Physicochemical reactions between the serum globulin and the antigen, but not 
specific cancer antibodies, are probably responsible for the phenomenon of the 


complement-fixation. , Siewvenieee 


Two KINpDs OF PRECIPITINS IN DIPHTHERIA IMMUNE SERUM. E. HOEN and 
L. TscHERTKOw, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:325, 1931. 


The presence of two separate precipitins (the antibacterial and the antitoxic) 
is confirmed with the ring precipitation method of the authors. The bacterial 
precipitins were of a considerably lower titer and independent of the antitoxic 
qualities, which were parallel to the titer of the antitoxic precipitins. The two 
could be separated from each other by absorption, without influencing the titer 
of the antitoxin. Mixing of unheated immune serum with another heated for fifteen 
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minutes at 65 C. removes its precipitating ability, as was shown by Schmidt and 
Scholtz, but with the author’s method the antitoxic precipitins could be demon- 


strated. I. Davipsonn. 


BACTERIOLOGIC INVESTIGATIONS OF A STRAIN OF TUBERCLE BacILii ISOLATED 
FROM THE LUNGS AND LyMPH NODES OF A CHILD VACCINATED WITH BCG. 
A. ArizTiA, J. ORELLANA and SO6TERO DEL Rro, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:370, 1931. 


A male infant was given three’ doses of BCG by mouth on the sixth, eighth 
and tenth day after birth. The child died at the end of the second year, having 
suffered during life from congenital syphilis, bronchopneumonia and varicella. Post- 
mortem examination revealed tuberculous lesions of the lungs and mediastinal 
lymph nodes. The source of the tuberculous infection was traced with great proba- 
bility to the BCG. Guinea-pigs into which suspensions of the pulmonary and 
lymphatic tissues were injected developed typical tuberculous lesions, from which 
tubercle bacilli virulent for rabbits but not for cattle were isolated. They were 
neither of the human nor of the bovine type, but behaved exactly like the BCG 


strain of increased virulence isolated by Hormacche. 5 Piawenmenen 


FURTHER OBSERVATIONS ON THE RELATION BETWEEN THE WASSERMANN REAC- 
TION AND THE BLoop Groups. ANNA SCHAPIRO, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:381, 1931. 


The previously reported observation (Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 64:1, 1929) that in patients of group O «@ 8 the positive Wassermann 
reaction turns negative sooner than in the other groups is explained by the fact 
that the titer of the natural antisheep hemolysin is higher, and that of the com- 
plement lower, in that group than in the others. Following a thorough absorption 
of the natural hemolysin, the negative reaction in many of these serums became 


ositive. 
eae I. DAVIDSOHN. 


Tumors 


Tumor ImmMuNITy. THomAs LumMspEN, Am. J. Cancer 15:563, 1931. 


The mechanism of resistance to the implantation of malignant neoplasms has 
been investigated by numerous workers with contradictory results. Lumsden states 
that he “began the study of tumor immunity with a mind untrammelled by too 
deep a knowledge of the literature . . . and taking nothing for granted has 
investigated independently a large number of crucial points.” As a result of his 
multiple experiments he reached the following conclusions: Antibodies lethal to 
cancer cells, but harmless to normal tissue cells, can be produced. When an 
implanted tumor already established in the body is gradually destroyed by the 
injection of antiserum or of formaldehyde into it, active immunity against the 
tumor is induced by a mechanism that may be called autovaccination. 

Lumsden finally stated that the most hopeful means of attaining a “cure” of 
cancer appears to be (1) to inject antiserum into the primary cancer (or the arteries 
supplying it), localizing it there by constriction or by epinephrine; (2) thereafter, 
if necessary, to complete by operation or by irradiation the local destruction of the 


tumor. B. M. Friep 


PrimaRY LiposaRcoMA OF Bone. F. W. Stewart, Am. J. Path. 7:87, 1931.. 


In reporting these three cases of tumor of bone as cases of liposarcoma, I am 
fully cognizant of the fact that I am in doubtful territory. In no case has it been 
possible to trace the actual origin of the tumor to fat cells, although in one instance 
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the inflammatory fatty changes in the marrow apart from the tumor were sug- 
gestive. The conclusions drawn rest entirely on circumstantial data: the resem- 
blance of the tumor cells to fat cells, the presence of large fat droplets in one case, 
the general resemblance to fat cells in another, although no specific fat stains 
are available, and the xanthomatous droplets in the second case; the peculiar 
clinical course in all three instances, namely, a suggestion, at least, of a multiplicity 
of bone lesions, which recalls the behavior of certain of the liposarcomas that I 
have observed in the soft parts; the lack of evidence of a primary epithelial origin, 
and an appearance inconsistent with primary tumors of bone of known types. 
That the disease is more or less of a clinical entity may be surmised from the fact 
that all three of the tumors either were multiple in bone or else showed a pro- 
nounced tendency to metastasize to other bones, and from the fact that the two 
treated by irradiation both proved to be radiosensitive. The bony tumors regressed 
markedly in the one case, and the pulmonary metastases were long held in check 
in the other. This radiosensitivity is inconsistent with either a primary tumor 
of bone of an osteogenic variety which even remotely approaches these lipo- 
sarcomas in structure, or a metastatic adenocarcinoma, but it is not inconsistent 
with certain liposarcomas that I have observed in the soft tissues. It is of further 
interest from the clinical standpoint that whereas in osteogenic sarcoma cranial 
metastases are rather uncommon, in two of the three tumors that I have regarded 


s li m ial i red. 
as liposarcoma cranial involvement occurred Aurmon’s Summary. 


CONGENITAL RHABDOMYOMA OF THE HEART. L. FARBER, Am. J. Path. 7:105, 
1931. 


Only two instances of this rare tumor have been reported previously in American 
literature. In Farber’s case, which occurred in a girl, aged 6 months, there was 
also cerebral tuberous sclerosis. The entire literature on congenital rhabdomyoma 
is reviewed and discussed. 


PRIMARY NEOPLASM OF HEART VALVE. C. F. Brancu, Am. J. Path. 7:157, 
1931. 


A papillary branching fibroma of the tricuspid valve is described. The tumor, 
like the valve, contained no blood vessels. Every papillary stalk of the tumor 
was composed of a single or a compound core of dense collagen fibrils surrounded 
by loose connective tissue, outside of which was a layer of homogeneous material 
covered by endothelium. The tumor seemed to show a gradual growth and trans- 
formation of fibroblasts, starting in the homogeneous layer and ending in dense 
fibrous tissue. A similar homogeneous layer occurred beneath the endothelium 


ini alve. 
lining the valve AvuTHoR’s SUMMARY. 


CHONDROSARCOMA WITH INTRAVASCULAR GROWTH AND TuMOR EMBOLI TO 
Luncs. S. WarRREN, Am. J. Path. 7:161, 1931. 


A case of chondrosarcoma with extensive intravascular growth and tumor 


emboli in the pulmonary circulation is described. Auvunsts Goiiiae 


INTESTINAL ADENOMA IN SwINE. H. E. Brester and L. H. Scuwarte, Am. J. 
Path. 7:175, 1931. 


The characteristic proliferations of bile ducts in coccidiosis of the liver in 
rabbits, the adenomatous formations in the equine stomach due to nematodes, the 
adenomas in bilharziasis and the characteristic columnar cell-lined adenomatous 
proliferations described in connection with infestations of the lungs by worms 
and pneumonia of sheep all suggest a relationship between intestinal adenomatous 
proliferations and destructive processes followed by epithelial regeneration, as 
against their interpretation as independent tumors arising from isolated or mis- 
placed embryonic rudiments. 


From AutuHors’ SUMMARY. 
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QUADRUPLE INOCULATIONS OF ADENOCARCINOMA. J. J. BITTNER, J. Cancer 
Research 14:466, 1930. 


Transplants of an adenocarcinoma were inoculated at four sites simultaneously 
in each of 462 mice. The results supported the genetic theory of transplantation. 
The organism responds alike to multiple transplants from the same tumor tissue. 
The physiologic characteristics of both the host and the tumor tissue are controlled 
by intrinsic genetic factors. S Mi Becen 


Tue IODINE CONTENT OF THE BLOOD OF PATIENTS SUFFERING FROM CANCER. 
FRANK S. FowwEaTHER, Brit. J. Exper. Path. 11:400, 1930. 


There is no uniform reduction of the iodine of the blood in cases of cancer. 
Of twenty-four cases examined, only eleven showed values for the iodine of the 
blood below what may be considered as normal. This failure to find a constant 
association between a low iodine content of the blood and cancer is definite evidence 
against the view that a deficiency of iodine is a cause of cancer. While in cancer 
there may be a tendency toward a lowered iodine content of the blood, there 
is at least as much justification for assuming that the reduction is the result of 
the cancerous condition as there is for assuming that it is the cause of this condi- 
tion. Further, since a reduction of the iodine of the blood was indicated in rather 
less than half of the cases examined, the determination of the iodine content of 
the blood as a diagnostic test for the presence of a malignant disease can have 


yi ] eC. ’ ~ 
ead. AvuTHOR’s SUMMARY. 


THE INFLUENCE OF VITAL STAINING ON INDUCED RESISTANCE TO THE GROWTH 
OF TRANSPLANTABLE Tumours. R. J. Luprorp, Brit. J. Exper. Path. 
12:45, 1931. 


By vital staining with trypan blue it is possible to break down the immunity 
to tumor transplantation induced by the inoculation of an emulsion of embryonic 


skin. AvuTHOR’s SUMMARY. 


A CASE OF PRIMARY ADAMANTINOMA OF THE TiBIA. A. H. BAKER and L. M. 
HawksL_ey, Brit. J. Surg. 18:415, 1931. 


A tumor occurred in the lower part of the left leg following an injury in a 
patient, 46 years of age. A portion of the tibia was removed and showed an 
infiltrating epithelial neoplasm in a fibrous tissue stroma containing giant cells. 
There were occasional whorls of stellate cells with an outer layer of columnar 
cells. The growth had the histologic character of adamantinoma, the stellate 
cells representing the enamel pulp and the columnar cells the ameloblasts of the 
embryonic enamel organ. There was no evidence of a formation of enamel. The 
epithelial tissue was accounted for on an embryonic basis. The authors have 
found only one similar case, that of Fischer (Frankfurt. Ztschr. f. Path., 1913). 


M. C. PORTERFIELD. 


HEMENDOTHELIOMA OF SPLEEN AND BONE Marrow. C., G. Parne, J. Path. & 
Bact. 34:139, 1931. 


_ A malignant tumor of the spleen and bone marrow with a metastasis to the 
liver is described. Histologically it appeared to be a hemendothelioma. 


AvuTHOR’sS SUMMARY. 


ASTROCYTOMA OF THE CEREBRUM SHOWING EXTENSIVE INVOLVEMENT OF THE 
OpposITE CEREBRAL HEMISPHERE. E. A. LINELL and K. G. McKenzie, 
J. Path. & Bact. 34:195, 1931. 


An astrocytoma that had shown clinical evidence of its presence for over nine 
years before the death of the patient was submitted to detailed histologic examina- 
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tion. This revealed widespread infiltration by tumor tissue far beyond the 
macroscopic limits of the growth. The greater part of the tumor as delimitable 
by the naked eye was seen histologically to correspond to its degenerating portion. 
Although the growth had spread from the left into the right cerebral hemisphere, 
little clinical evidence of its presence in the latter had been shown, even though 
pathologic changes were noted in nerve fibers entering this part of the tumor. 
This case raises the question of the value of deep roentgen therapy for this type 
of tumor. Bailey, Sosman and van Dess! (1928), in an analysis of a large number 
of cases of glioma that were submitted to roentgen therapy, concluded that the 
astrocytomas were among those groups least favorably influenced by this form 
of treatment. Recent work on the effects of radium on normal tissue of the 
brain by Carmichael and Ross (1930) has shown that this agent can produce 
well marked astrocytic proliferation not only around the area destroyed by the 
radium, but also within the area of the lesion. There seems to be a possibility, 
therefore, that the rate of growth of an astrocytoma may be stimulated by this 
form of therapy. In this connection it is perhaps worthy of note that treatment 
by x-rays produced no definitely beneficial effect in this case. 


AuTHORS’ SUMMARY. 


METASTASIS OF THE “BENIGN” GIANT-CELL Tumor oF Bone. S. C. Dyke, 
J. Path. & Bact. 34:259, 1931. 


A case of “benign” giant cell tumor of bone is recorded, in which metastases 
of the same structure as the primary tumor were demonstrated in the scalp, lungs, 
kidneys and mediastinal and peritoneal lymph nodes; there was evidence of 
metastases in the ribs and the spine, but this was not proved histologically. The 
history of the case extended over five years. It is concluded that this tumor, 
unless completely eradicated, is liable in the course of time to assume malignancy 


of a high order. AUTHOR’s SUMMARY. 


Tumor ImMuNItYy: THE EFFECTS OF THE Ev- AND _ PseEupo-GLOBULIN 
FRACTIONS OF ANTI-CANCER SERA ON TISSUE CULTURES. THOMAS 
LuMsDEN, J. Path. & Bact. 34:349, 1931. 


When the euglobulin and the pseudoglobulin fractions of an anticancer serum 
are isolated, the euglobulin fraction contains all the antibodies that are specifically 
toxic to cancer cells; it also contains any heterotoxins that have escaped destruc- 
tion during the process of fractioning. The pseudogiobulin fraction contains the 
antispecies bodies. By fractioning anticancer serum as described, it can in effect 
be concentrated tenfold, since the euglobulin fraction is ten times less toxic to 
mice than the equivalent quantity of anticancer serum from which it was made, 
although it has lost none of the original toxicity to the cancer cell. It is considered 
that the experiments described demonstrate beyond reasonable doubt the existence 
of antibodies having a specific affinity for cancer cells. 

AUTHOR’s SUMMARY. 


THE CITELLI-PIAzzA REACTION IN MALIGNANT Tumors. P. Sarco, Arch. di 
pat. e clin. med. 10:98, 1930. 


All except three of eighteen cases of cancer showed a distinct hemoclastic 
crisis after the injection of fresh tumor extract. The author recommends this 
reaction for further study on account of its high positive percentage. 


EMMERICH HAAM. 


THE STIMULATING EFFECT OF ARSENIC ON CHICKEN SARCOMA. L,. CALIFANO, 
Riv. di path. sper. 6:113, 1930. 


Arsenic acid stimulated the growth of a previously slowly growing Rous 
sarcoma. It also changed the physical nature of the tumor, making it softer and 
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more vascular, with an inclination to liquefaction in the center. The mode of the 
action of the arsenic is not clear. Diieieaiad Sines. 


Tue GROWTH OF TUMORS IN TISSUE WiTHOUT NERVES. E. BRESCIANO and 
E. CANCELLARA, Riv. di path. sper. 6:119, 1930. 


To test the influence of nerves on the development of tumors a measured 
quantity of an emulsion of a tumor was injected into the muscles of a chicken’s 
thigh from which the sciatic nerve had been removed. At the same time the other 
thigh with intact sciatic nerve received an injection of an equal quantity of the 
emulsion of tumor. No difference in the growth of the implanted tumor tissue 


was observed. Emmericu Haam. 


THe Errects oF DyEs ON TaR CANCER IN Mice. J. Forsman, Acta path. et 
microbiol. Scandinay. 8:16, 1931. 


The injection of solutions of a large number of dyes had no effect either 
favorable or unfavorable on tar cancer in mice. 


Medicolegal Pathology 


CRIMINAL ABORTION. P. FRAENCKEL, Deutsche Ztschr. f. d. ges. gerichtl. Med. 
16:405, 1931. 


In criminal abortion, the main fact to be proved is whether there is a preg- 
nancy. Therefore, a microscopic examination of the uterus should never be omitted. 
Gravidity changes of the uterine muscles and blood vessels, as well as the invasion 
of the myometrium by chorion, can be found in spite of a complete removal of 
the mucous surface. There are two .main types of general infection following 
criminal abortion: (1) septicemia without any thrombotic or suppurative processes, 
with septic swelling of the spleen, cloudy appearance of parenchymatous organs, 
septic icterus with hemolytic processes, etc.; (2) the thrombophlebitic (pyemic) 
type, with metastases, peritonitis, etc. In the first group, the anatomic inter- 
pretation as to the portal of entry, when there are no gross or microscopic lesions 
of the genital organs, may be extremely difficult. Presence of bronchopneumonia 
may complicate the situation, since it might be diagnosed as the primary cause of 
the septic abortion. In instances of infection of the embryonic sac, one may find 
only a septic metritis, without evidence of the septic endometritis of induced 
abortion. Important are the concomitant changes of the ovaries, which may contain 
confluent abscesses due to suppuration in follicular cysts; often a rapid softening 
and complete destruction of the ovary may follow. One may be deceived and 
assume that these changes are primary or contributory causes of the abortion. The 
progress and the route of the infection can be more clearly followed in the 
thrombophlebitic form, as the thrombotic process is a reliable guide; it leads one 
from the surface of the uterine cavity, through the uterine wall and its venous 
plexus, into the parametrial plexus, to the hypogastric vein. Thrombophlebitic 
involvement of the spermatic (ovarian) vein, often unilateral, is common and may 
reach the renal vein and extend even into the inferior cava. If the myometrial 
thrombotic process suppurates, one finds minute intramural abscesses, well dis- 
cernible on the cut surface. In the central nervous system, there may be subpial 
miliary abscesses, and the brain tissue may 2ontain circumscribed necrosis, due 
to septic emboli. Peritonitis following abortion occurs also, on account of migra- 
tion of micro-organisms through the uterine wall without primary involvement of 
the genital organs. In instances of purulent accumulation in Douglas’ pouch, the 
external layers of the uterus may show deep septic softening, which should not 
be misinterpreted as signs of injury. If intra-uterine injections were used, the 
ovaries often contain abscesses, and there may be pus in the distal part of the 
tubes; the entire tube, however, is rarely involved by a uniformly developed sup- 








504 ARCHIVES OF PATHOLOGY 


purative process. Infections with the gas bacillus are not uncommon and are 
observed usually in connection with intra-uterine injuries. The uterus appears 
greatly distended (physometra), and tears occur, which one may erroneously believe 
to have been produced mechanically. Under normal conditions, this micro- 
organism is found in the genital canal of about from 30 to 40 per cent of adult 
women. One may occasionally hesitate to diagnose a case of gas bacillus infection, 
believing that one is dealing with a cadaveric emphysema, but the presence of 
icterus, of pigment deposits due to hemolysis, of methemoglobin casts in the 
kidneys and of necrotic areas at the site of the placenta will safeguard one against 
a wrong conclusion. A complete skeletization of a 6 months old fetus occurred, in 
a case of gas infection, within twenty-two hours, and in another case within from 
twenty-seven to thirty-six hours. Acute verrucous endocarditis may be seen at 
the end of the first week, in the form of delicate gray-red thrombotic efflorescences, 
and if present with the genital infection, is undoubtedly secondary. Otherwise, 
endocarditis leads rarely, if ever, to suppuration of the uterus. In 17 per cent of 
209 abortions, injuries to the uterus were found. Perforations in the cornua of the 
uterus are usually produced by the curet in the hands of a physician. Injuries of 
the cervical canal are rather common; they may heal completely before death 
or may show, on microscopic examination, inflammatory (purulent) changes. In 
instances of sudden death following abortion, one should be on the alert for air 
embolism and thoughtfully employ the required autopsy technic. In decaying 
bodies, a positive diagnosis of air embolism is impossible. 
E. L. MILosLavicn. 


Acute YELLOW ATROPHY OF THE LIVER FROM POISONING BY MOREL 
(HELVELLA EscuLENTA). UMBER, Med. klin. 1:947, 1930. 


A woman, aged 40, became ill after eating morel. Icterus developed in severe 
form, and death occurred in coma on the ninth day. The autopsy revealed acute 
yellow atrophy of the liver in extreme degree. In light cases of poisoning by the 
morel mushroom there are symptoms and signs of injury to the hepatic parenchyma 
(K. Landé: Miinchen. med Wchnschr. 2:1615, 1930). 


POISONING FROM FERROSILICON. A. JENELL and M. HAALanp, Med. rev., 
Bergen 47:145, 1930. 


The article describes the poisoning, presumably by hydrogen phosphide, of 
seven passengers, three of whom died, on board a ship loaded with 75 per cent 
ferrosilicon. The symptoms were in the main dizziness, headache, vomiting, 
weakness and unconsciousness. Warm-blooded animals are killed in a short time 
by 0.2 per cent hydrogen phosphide, which may be given off by ferrosilicon. Both 
in poisoned animals and poisoned human beings the main changes are in the lungs: 
congestion, edema and ecchymosis. Hydrogen phosphide is decomposed as it reaches 
the lungs by inhalation; consequently the chemical demonstration of the poison 
is practically impossible. Ten other instances of similar poisoning on board ship 
are mentioned; in one instance fifty persons were poisoned, with eleven deaths. 


PECULIAR CADAVERIC CHANGES OF BRAIN. W. GERLACH, Deutsche Ztschr. f. d. 
ges. gerichtl. Med. 16:431, 1931. 


Microscopic examination of the brain removed from a person who drowned and 
whose body was floating in water for four weeks disclosed accumulations of 
cellular elements in the leptomeninges, and a chronic meningitis was assumed. 
Gerlach reexamined the tissues and showed that the round cells did not surround 
the blood vessels entirely, being present only on their upper or free side, but never 
toward the surface of the brain. No cellular elements were evident in the depths 
of the gyri. Since the cerebellum and peduncles were decayed, he assumes that 
these accumulations were cadaveric artefacts due to the transportation of decayed 
masses as a result of continuous moving and shaking of the body in the water. 


E. L. MILosLavIicnH. 
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A StmpLeE METHOD OF TyPING DRIED BLoop. FRANz JosEF Houzer, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:445, 1931. 


The description of the technical procedure should be read in the original. The 
results obtained show that receptors A and B are exceedingly stable. Their 
resistance is much higher than that of the agglutinins and permits group deter- 
minations not only on minute traces of blood, but also on old and dried spots of 
blood. Errors may occur on account of an unspecific union or owing to nonunion, 
The detection of blood groups by this method gives correct results in 90 per cent 
of the cases. Some faulty reactions may occur, however, in this as in any 


biologic test. E. L. MiLostavicu. 


Gas ANALYSIS OF PUTREFYING LuNGs. B. MUELLER, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 16:459, 1931. 


Analysis of the oxygen content of the lungs was recently recommended by 
Dyrenfurth as a new method to establish whether a new-born infant, the body of 
which has putrefied, was born alive or did not breathe. The author found that 
the oxygen content of the alveolar air in decayed lungs that have breathed, 
regardless of the temperature in which they are kept, drops relatively very 
rapidly, and after from four to six days amounts to only from 2 to 2.5 per cent. 
In instances of advanced putrefaction, in which the lung tissue becomes partly 
disintegrated and porous, the atmospheric oxygen may penetrate these areas. 
Analysis of lungs that did not breathe disclosed approximately the same amount 
of oxygen as those that had breathed. The gas analysis consequently is not 


reliable in the case of decayed lungs. a a ney 


INJURIES OF THE HEAD CauseED BY BLUNT INSTRUMENTS. WALCHER, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 17:22, 1931. 


In certain cases of injury to the head the question may arise whether the 
injury is the effect of a blow or of a fall. In examining it, occasionally one may 
clearly see the imprint of a blunt instrument or recognize the contact surface of 
the impact object. If the injury is found on the lateral aspect of the head, one 
should not omit to examine that side of the body, particularly its prominent areas, 
such as the shoulder, elbow, trochanter region, ankle, etc. Deep incisions are 
necessary, since bruises of the deeper lying structures, such as hemorrhages within 
the muscles, traumatic pocket formations within the soft tissues, etc., may be 
present without any evidence of injury to the skin. In instances of a fall on the 
back of the head, hemorrhages may be found in both iliopsoas muscles, apparently 
due to abrupt, intense contractions of these muscles during the balancing of the 
body. A fall on smooth and even ground will, as a rule, produce bruises at the hat- 
brim level; all injuries above this line are to be suspected of having been inflicted 
by an assailant. Linear fractures, and also comminuted fractures, may develop in 
a simple fall on a paved road, for instance in intoxication, particularly in older 
people. A depression of the fragments may occur if a projecting area or object, 
such as a small stone, was present at the site of the impact. A vertical linear 
fissure through the occipital bone indicates a fall on the back of the head. Terrace- 
like, sloping fractures are observed not only in instances of a blow with a blunt 
instrument, but also in a fall on an edged surface. Pinching of hair between the 
fractured bone fragments is best seen on macerated bone and occurs most often in 
cases of blunt injuries. Large pocket formations indicate action of a moving force, 
for instance, an automobile, and are never met with in a simple fall. Microscopic 
examination of abraded or excoriated surfaces or of the edges of the wound may 
reveal the presence of foreign bodies and be of particular significance. Contrecoup. 
injuries of the brain may also develop in instances of fall and were found thirty- 


six times in eighty-four cases. St Wuesaewe 
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DETECTION OF CARBON MONOXIDE IN EXHUMED BopiEs. WALDEMAR 
WEIMANN, Deutsche Ztschr. f. d. ges. gerichtl. Med. 17:48, 1931. 


Presence of carbon monoxide can be proved even in decayed -bodies, as, for 
instance, in cadaveric transudations in the pleural cavity or in mushy parts of the 
brain. In two cases, forty-five and fifty days, respectively, after death, chemical 
and spectroscopic examinations of the pulp of the spleen and of the lungs were 


s sful. 
uccesstu E. L. MILostavicu. 


Potassium CHLORATE PoIsONING. Z. MORGENSTERN and M. AwpeEJev, 
Deutsche Ztschr. f. d. ges. gerichtl. Med. 17:51, 1931. 


Two cases are described, in which intravenous injections of Ringer-Locke 
solution containing minute amounts of potassium chlorate were administered. 
Typical clinical symptoms of potassium chlorate poisoning appeared, and death 
followed in a few days from anuria and methemoglobinemia. The cadaveric 


hypostasis was of a purple-blue color. ae pans 


Technical 


SUPRAVITAL STAINING WITH SILVER AMMONIUM CARBONATE. F. A. MCJUNKIN, 
Am. J. Path. 7:131, 1931. 


Silver ammonium carbonate may be used to mark living cells supravitally. 
By supravital staining with silver ammonium carbonate the origin of the monocytes 
is seen to be from the silver-marked portion of lymphoid tissue. The histiocytic 
tissue of the sinusoidal organs also reacts to supravital silver, but the response 
is unlike that of the monocytes. The two component parts of the so-called reticulo- 
endothelial system are so unlike in function and structure that they should not 
be grouped together. The histiocytic tissue of the sinusoidal organs, consisting 
mostly of anchored cells, functions chiefly as a fixed tissue. On the other hand, 
the monocytes, originating in the lymphoid tissue, are a normal element of the 
circulating blood and may be concentrated quickly in any tissue or cavity. 


AUTHOR’S SUMMARY. 


GALACTOSE IN TESTS OF THE FUNCTION OF THE LIVER. HarRy SHAY, EUGENE 
M. Scutoss and Miiton A. BELL, Arch. Int. Med..47:391, 1931. 


Galactose seems to be suitable for the testing of the function of the liver 
because it is obtainable in pure form, is readily absorbed from the digestive 
tract, is converted into glycogen by the liver with some difficulty as compared 
with other sugars (dextrose and fructose), is practically not utilizable by any 
tissues other than the liver, and because, after it reaches the general circulation, 
it is excreted in the urine regardless of either the state of the renal excretory 
mechanism or the activity of the endocrine glands. 


From AvutHors’ SUMMARY. 


TuHeE SEROLOGY oF Sypuitis. H. Eac te, J. Exper. Med. 53:605 and 615, 1931. 


The discovery that there are many substances with the sensitizing properties 
hitherto believed peculiar to cholesterol and its derivatives, and that sensitizer 
added to antigen in quantities many times those currently used continues to increase 
the complement-fixing efficiency of the antigen without giving falsely positive 
reactions, has made possible the preparation of an antigen much more sensitive 
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than any hitherto available for use in the Wassermann reaction. Dry powdered 
beef heart muscle, 100 Gm., is extracted with ether, 500 cc., for fifteen minutes 
at 37 C., with shaking. After filtration with suction, the ether filtrate is discarded. 
The powder is then dried and extracted for from three to five days with 500 cc. 
of 95 per cent alcohol, with intermittent shaking. The mixture is filtered, and 
the moist powder washed on the filter paper with two portions of alcohol, each 
100 cc. The alcoholic filtrate and the washings are combined and evaporated 
on the steam bath to from 250 to 300 cc. Cholesterol (0.8 per cent) and sitosterol 
(0.6 per cent) are then added, and dissolved at from 65 to 75 C. The excess 
sensitizer that crystallizes out on cooling is dissolved just before use by immersing 
the antigen in a bath at 56 C. for a few minutes. The antigen is diluted by pouring 
saline solution into it rapidly. A dilution of 1:40 is recommended for use in 
water bath fixation (one-half hour at 37 C.), as well as for the short icebox 
fixation (four hours at 8 C.), and a dilution of 1: 120 for use in the overnight icebox 
fixation (from sixteen to twenty-four hours at 8 C.), as being well beyond the 
anticomplementary range, the anticomplementary dilutions being 1:5 and 1:25, 
respectively. There is reason to believe that this antigen possesses almost the 
maximum sensitivity obtainable. The method of preparation insures that the 
antigen is almost saturated with antigenic lipoids, and more sensitizer could not 
be added without increasing the turbidity of the dilution in saline solution to a 
point where it would-interfere with the reading of hemolysis. Any further 1mprove- 
ment must await the discovery of better sensitizers. Preliminary experiments 
indicate that this new sensitizer, sitosterol, will find an immediate application, not 
only in the Wassermann reaction, but also in a more sensitive flocculation test to 
be described. 

Serum, in concentrations greater than 1:25, causes a marked inhibition of 
complement-fixation in general and of the Wassermann reaction in particular. 
The serum protein is probably adsorbed by the colloidally dispersed lipoid-reagin 
complexes, forming a protective film that prevents the fixation (adsorption) of 
complement. This inhibition explains the zone phenomenon in complement-fixation : 
a weakly positive serum may give a completely positive reaction in, e. g., a dilution 
of 1:5, and yet appear completely negative when tested as whole serum. The 
greater sensitivity of the icebox test is due to the less marked inhibition by 
serum at lower temperatures, to the prolonged period of incubation, making for 
greater specific fixation, to a more marked nonspecific destruction of complement 
by antigen and to a spontaneous deterioration in the longer icebox test. Because 
of the inhibition by serum in high concentration, a quantitative Wassermann 
technic involving the use of graded quantities of serum is worthless when carried 
out at 37 C. Even the icebox test, which is less susceptible to this inhibiting 
effect, yields a positive reaction with whole serum only when the circulating 
reagin exceeds a surprisingly high threshold (six to ten times the quantity that 
could be detected in dilute serum). It is well known that a negative Wassermann 
reaction, even by a very sensitive test, does not exclude syphilis; it now appears 
that a negative Wassermann reaction does not exclude circulating reagin. 


AUTHOR’S SUMMARIES. 


COLON-AEROGENES ORGANISMS. F. O. Tonney and R. E. Nose, J. Infect. 
Dis. 48:413, 1931. 


The practical advantages of direct plating in cyanide-citrate agar are: The 
method is simple and yields results in forty-eight hours. Bacillus coli and B. 
aerogenes may be separated and their numerical relationship established. A more 
accurate index is obtained than in liquid mediums. The direct count is not 
obscured by overgrowths and not interfered with by other lactose-fermenting 
organisms, such as Clostridium welchii or B. aerosporus. The “pour plate” 
method with deep colonies insures the isolation of pure cultures more easily than 


the surface streak method. : , 
t From AvuTHORS’ SUMMARY. 











Society Transactions 


NEW YORK PATHOLOGICAL SOCIETY 
Regular Meeting, Feb. 26, 1931 
LetLtA CHARLTON Knox, President, in the Chair 


CONGENITAL TRACHEO-ESOPHAGEAL FISTULA CAUSED BY AN ABERRANT Ductus 
ARTERIOSUS. HENRY RAscoFF and MENDEL JACOBI. 


On the day of its birth a full term infant with no external developmental defects 
showed suffocative symptoms with each feeding and returned all food through its 
nose. Esophagoscopic and roentgenologic examination confirmed the clinical diag- 
nosis of esophageal stenosis at the sternoclavicular junction and tracheo-esophageal 
fistula. The child died of diffuse bronchopneumonia within two weeks after birth. 

Autopsy revealed a large blood vessel of the same caliber as the aorta arising 
from the descending aorta and running upward and medially to the right, then 
forward and downward to enter the posterior surface of the left pulmonary artery 
near its origin. In its course the aberrant vessel lay dorsal to the tracheo- 
esophageal fistulous tract and just below and slightly ventral to the lower end 
of the stenosed upper esophageal pouch. Behind the vessel lay a fibrous cord 
connecting the two portions of the esophagus; no epithelial, muscular or cartilag- 
inous elements were present in this cord. 

The anomalous tracheo-esophageal formation was interpreted as having been 
caused by the aberrantly situated and unusually large-calibered ductus arteriosus. 
This is in accord with the view of Keith that external pressure factors (chiefly 
of vascular origin) are responsible for the anomaly in question. The supporting 
cases of Harris and of Shellshear and Anderson were reviewed. The opposing view 
of Lewis was discussed. 


DISCUSSION 


ALEXANDER H. ROSENTHAL (by invitation): While working as an assistant 
in the department of pathology at Mount Sinai Hospital several months ago, I had 
the privilege of helping at postmortem examinations in two cases of congenital 
esophageal atresia. These aroused my interest in the subject, and I went down 
to Baltimore to see if a study of the normal development of the trachea and 
esophagus at the time the separation takes place would not throw some light on 
the formation of this anomaly. As Dr. Rascoff and Dr. Jacobi stated, the article 
by Plass was the most complete up to 1919. He reviewed 146 cases. I have 
reviewed 80 cases of tracheo-esophageal fistula with congenital atresia of the 
esophagus since his review. In the 6 or 7 cases mentioned by Dr. Rascoff, and 
in the 8 cases that are available to me, 5 from Mount Sinai Hospital and 3 from 
the Brooklyn Jewish Hospital, there has been no record of an arterial anomaly 
concomitant with this congenital anomaly. 

In order to understand the development of this anomaly, I believe one must 
fix his attention on the stage in which the trachea separates normally from the 
esophagus. I am showing a photograph of an actual reconstruction of the entoderm 
and the arterial tree at this stage in a 4 mm. human embryo. One will notice 
ventrally a pulmonary anlage separating from a primitive esophagus in the manner 
outlined by Drs. Rascoff and Jacobi. If one examines this diagram (and I have 
seen the actual cross-sections of this embryo while working with Dr. Streeter), 
one sees how far the arterial arches, including the last, are from the primitive 
entoderm, which ultimately gives rise to the trachea and the esophagus. A striking 
fact is the constant morphology of this anomaly. There is always an upper 
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atretic sac and practically always a lower portion entering the trachea at or very 
near its bifurcation into the bronchi. It means then that this posterior portion 
of entoderm must be the site of the lesion, whatever that lesion may be. It seems 
a little far fetched, therefore, to assume that distant pulmonary vessels which 
ulimately may give rise to an aberrant ductus arteriosus should affect this separa- 
tion at the time when it occurs. One gains the impression in reading Congdon’s 
article from which this photograph was taken, and another written in 1926, that an 
anomaly in the formation of blood vessels is not the cause of anomalies of any 
system, including this one, but is rather in turn the result. 

Ysander reported an interesting embryo about 8 mm. long in which this anomaly 
was present. This is the earliest embryo showing this type of anomaly, the only 
other one measuring 18 mm. If it is true that aberrant blood vessels cause this 
anomaly, one would expect a description of such blood vessels in the very complete 
paper by Ysander, and he makes no mention of any such anomalous vessels, but 
ascribes the formation to pressure by means of a large cardiac anlage. Cross- 
sections of the embryo shown in this photograph and those of the same age and a 
little later, well within the period within which this separation takes place, did 
not demonstrate to me any vessels that might possibly influence the development 
of such an anomaly at this stage or at a slightly later stage at which it must occur. 

Mackenzie reported a father all of whose children, from three wives, pre- 
sented this anomaly. This marked constancy of the malformation, and also 
Ysander’s interesting embryo, in which the malformation was discovered bilaterally 
at this very early stage, seem to suggest that its development is due to an early 
fundamental change in the entoderm rather than to primary vascular changes. 

The most recent work on this subject has-been done by the German investigators. 
Zausch, a pupil of Benecke, advanced Benecke’s mechanical theory of the develop- 
ment of the malformation, and a little later work was done by Schmitz and also 
by Ysander. They all had essentially the same idea, namely, that the anomaly 
resulted from pressure of a large cardiac anlage on this primitive esophageal tube. 
As was stated by Dr. Rascoff, this tube consists dorsally only of a thin layer of 
cells and ventrally of three or four layers of cells. They conceived of a large 
cardiac anlage pressing on this tube and effecting the greatest tension dorsally. 
This causes either rupture or at least shifting of the cell mass at this site, resulting 
in atresia. 

These theories, while suggestive, are not borne out by study of embryos actually 
in this stage of development. First, the anlage of the heart not only is normally 
large, but, even more than is demonstrated in this figure, it is a definite distance 
from this tube. Second, the curvature which they speak of and represent diagram- 
matically as being very extensive simply does not exist. This slide shows an actual 
construction of the entoderm, and you see that there is very little curvature here. 
Third, it is difficult to see why pressure ventrally in such a manner should cause 
a malformation of the esophagus and should leave the trachea, which is nearer 
to it, to develop apparently normally, as it does in every instance. Therefore, it 
appears that tension due to a large cardiac anlage is not the factor causing this 
anomaly. If one notices here, one sees that these arterial arches take a course 
ventral to the esophagus and meet the dorsal aortae laterally and only slightly 
dorsally. I bring this up to show that the position of these vessels, which are 
conceived to come down later, pursuing as they do a ventral course at the time the 
separation is taking place, makes it seem unlikely that they cause the malformation. 

Apparently, then, the anomaly is the result of a very early change. In one 
of the embryos of Dr. Streeter’s collection I followed the entoderm (which was 
later to give rise to the esophagus at the region of the separation of the trachea 
and which must be the center of the pathologic changes in these cases) back to 
the stage in which the neurenteric canal seemed to open into this region of the 
entoderm (demonstrating this diagram). Possibly this relationship might have 
something to do with this early change, but whether it does or not, the change is 
very probably an early one, possibly on a genetic basis, if Mackenzie’s citation 
is true, and not on the basis of primary cardiovascular changes. 
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I believe that arterial anomalies in this condition are far more frequent than 
have been described. Probably they are not always observed. Such anomalies 
must represent vessels that have had an abnormal course laid down for them and 
are aberrant because of primary changes in this entodermal system; they are the 
result of this malformation rather than the cause of it. 


MENDEL Jacosi: From the discussion I gather that the chief points of objec- 
tion to the interpretation as given by Dr. Rascoff are, first, that the vessel in 
question has no means of getting to the dorsal aorta behind the esophagus, as 
we noted in our diagram, and second, that at the stage in which the tracheo- 
esophageal separation takes place, the vessel is not in relation to this particular 
anlage. In answer to the first objection, our own specimen and those of Harris 
and Shellshear and Anderson are sufficient to prove that the vessel is there. The 
exact embryologic explanation I cannot give, and I cannot see that embryologists 
are at all ceriain of the exact embryogenesis of all the vessels. In fact, in 
descriptions of the development of the various vessels, one regularly comes across 
the statement that aberrant capillary loops are frequently present in the course 
of the vessels, and this in nearly every vessel from which the numerous adult 
vascular anomalies may arise. This point I shall touch on in somewhat greater 
detail later. 

In connection with the second objection, that of the relation of the vessel to 
the anlage, I should like to call attention to the fact that these vessels do not 
start as definite vessels, but as a capillary plexus, from which the adult vessels 
apparently develop by marked enlargement of certain of these capillary vessels 
definitely, so that they become the future adult vessels, while the others of the 
original plexus atrophy. Such vessels have been described by Aeby, and after him, 
by Thoma, Ruge, Flint and Mall. They are not laid down haphazardly, but have 
a definite relation to the surrounding structures. Further, in the article from 
which Dr. Rosenthal shows his diagram, there is a statement by Congdon that in 
the interpretation of these vessels there is great difficulty in deciding at which 
stage it is to be considered a capillary. Discussing the sixth and disputed fifth 
aortic arches, the precursors of the future primitive pulmonary artery and ductus 
arteriosus, he notes that in these arches, of all the arches, aberrant island loops of 
capillaries are most frequent and most persistent. All the pulmonary arches, 
whether full formed or not, lie in deep grooves in the caudal pharyngeal complex 
(of Kingsbury); and at the stage of 35 somites, the fifth and sixth aortic arches 
have already formed. Congdon also described a downward extension of the pulmonic 
arches from the dorsal aorta, below this complex, while caudad from the aortic sac, 
he figured an elongated vessel extending backward beyond the level of the dorsal 
sprout to break up on the sides of the trachea. These vessels he described as 
well developed at the 5 mm. stage and as present before this, at a time when the 
lung bud anlage is still connected with the esophagus. 

From the aortic sac plexus, a secondary plexus extends along the under surface 
and side of the common tracheoesophageal mass. These plexuses meet to form the 
pulmonic arches. Further, of all the arches, the pulmonic arches have most fre- 
quently and most constantly variable capillary island loops in their course, and 
these are most persistent. Also their relation to the fourth arch is variable. This 
may be far or near, or may even arise by a common stem, depending on the size 
of the postpharyngeal complex. Under these circumstances it seems not incon- 
ceivable that one of the aberrant capillary loops may enlarge sufficiently to cause 
pressure on the adjacent anlage and hence the anomaly in question. 

This belief is given further support by the findings of Shaner. In 1921, he 
described in a turtle a sixth aortic arch lying craniolateral to the pharyngeal 
complex. From this vessel a spur ran caudomedially to the usual position of the 
human pulmonic arch. Such a vessel would well correspond with the one described 
by us. 
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ALFRED PLautT: The speakers have gone so deep into details that probably no 
one who has not worked particularly in this line can add any, but I would like 
to make a general remark. It is astonishing how constant the picture of this 
malformation is. If an anomalous blood vessel causes the malformation, we should 
expect it to be always the same anomalous vessel and always in the same location 
and arrangement. Otherwise how shall we account for the constancy of the 
picture? Why do we never have separation of the esophagus and trachea in 
another way? Why do we always have this upper esophageal pouch and a con- 
nection of the lower part of the esophagus with the trachea? I saw one such 
malformation several years ago. I cannot claim that my examination was so 
careful as to exclude absolutely any anomaly of a blood vessel, but in view of 
the very early period in which the malformation must start, and in view of the 
one instance of familial occurrence, I would feel hesitant in ascribing this malforma- 
tion to mechanical pressure by an anomalous vessel. 

MENDEL Jacosi: I would like to bring up two other points. To ascribe so 
constant a malformation to a genetic basis on the ground of the one. instance 
recorded by Mackenzie seems a bit precarious, because we have only the adult 
embryos; we have not the stillborn and the earlier embryos similar, perhaps, to 
the 18 mm, embryo described by Dr. Rosenthal, which may not have shown the 
anomaly found in the children mentioned by Mackenzie. The anomaly that seems 
to be an hereditary characteristic may have been an accident. ’ 

As far as the other point is concerned, I should like to point out that Congdon, 
in describing changes in vascular course and direction, not in this connection, but 
in connection with later embryos, makes the statement that these vessels may be 
very tortuous in the early embryonic stage, although in later adult form they are 
in a normal position and have left no evidence behind of their previous tortuosity. 
If one can carry the analogy a bit further, there may have been some such close 
vascular approximation, sufficient to cause cessation of the growth of the tracheo- 
esophageal anlage, the vessel later straightening as the body conformation assumed 
its mature form and leaving no trace of its previously tortuous course and proximity 


to the anlage. The tracheo-esophageal malformation has, however, already been 
formed. 


SERUM AND PLASMA BILIRUBIN: A COMPARATIVE STUDY OF ONE HUNDRED 
Cases. HERMAN BOLKER and MENDEL JACOBI. 


The study consisted of 100 consecutive and unselected simultaneous plasma and 
serum quantitative bilirubin determinations. The readings were subjected to 
statistical analysis. The results agreed exactly in over 70 per cent of the deter- 
minations. In the other 30 per cent, the average deviation of the differences in 
readings was of the same order as that of those obtained in quadruplicate deter- 
minations on the same specimens (five instances). These differences are within the 
range of experimental error and have no significance in clinical practice. It was 
shown that plasma and serum can be used interchangeably in such determinations. 
The time allowed for coupling to occur plays no part in the determinations. The 
results obtained corroborate experimentally the opinion of McNee and Keifer and 
refute the findings of Shay and Schloss. The results of the latter are critically 
reviewed. 


THE OCCURRENCE OF MALIGNANT GROWTH IN PERSONS WITH RADIOACTIVE 
Deposits. HARRISON S, MARTLAND. 


For a number of years I have had the opportunity of following the clinical 
course of many of the original radium dial painters of the New Jersey plant in 
which occurred the occupational poisoning by radioactive substances in the watch 
dial industry first described by me and my associates in 1925. 

These girls over long periods of time had accidentally ingested minute amounts 
of insoluble radium and mesothorium sulphates owing to their habit of both licking 
and pointing the brushes in their mouths in the process of painting watch dials. 
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It was possible for a dial painter to swallow from 7 to 150 micrograms of radio- 
active substance per week, most of which was quickly eliminated by way of the 
intestinal tract. Small amounts, however, reached the blood stream and were 
deposited as colloidal particles of radium and mesothorium sulphate in the organs 
of the reticulo-endothelial system, over 98 per cent being finally deposited in the 
bones. These skeletal deposits were similar in distribution to those of lead in 
industrial lead poisoning. 

These deposits in the bones continually emitted, throughout the girls’ lives, 
their characteristic rays, over 95 per cent of which were alpha. The small amount 
of beta and gamma rays was practically negligible. Thus, this was the first time 
that attention was called to the fact that human beings had been exposed to internal 
bombardment by alpha rays. The effects of internal alpha radiation are quite 
different and distinctly more irritative on the bones and blood-forming centers 
than those due to any form of external penetrative radiation. 

The alpha particle—a double-charged helium nucleus expelled from the radium 
atom at a velocity approaching 80,000 miles per second—is one of the most 
potent and destructive agents known to science. Its disruptive effect is due to 
molecular collision and resulting ionization. This produces in the bone marrow 
an intense stimulative and compensatory hyperplasia, quite unlike, and more intense 
than that seen in any other disease. This I called the first stage of radiation 
osteitis. The marrow was dark red at autopsy and on histologic examination had 
the appearance of panmyelosis with very primitive stem cells. The ability to form 
cells of the granulocyte series had been lost, except for the production of enormous 
numbers of eosinophil myelocytes. The red cell production was greatly curtailed 
and was of the megaloblastic or embryonal type. Megakaryocytes were abundant. 

This hyperplastic marrow was gradually replaced in various areas over the 
skeleton by very cellular fibroblastic tissue, which in many areas histologically 
mimicked sarcoma, there being abundant mitosis and hyperchromatism. This was 
designated as the second stage of radiation osteitis. 

Finally, the marrow may become almost entirely replaced by old, acellular 
fibroblastic tissue with considerable decalcification of bone. This was interpreted 
as the final or healing stage of the radiation osteitis seen in these cases. 

Many of the girls who showed the largest amounts of radioactivity, the radio- 
active substances being estimated at from 30 to 50 to 180 micrograms in their 
skeletons, died, usually from extensive necrosis of the jaws or from anemia or 
from a combination of both diseases, from one to five years after leaving their work 
as dial painters. The necrosis of the jaws was due to bacterial infection from the 
mouth superimposed on a preexisting radiation osteitis. The anemia was usually 
of the pseudo-aplastic type, the blood during life showing an anisocytosis with many 
macrocytes and a leukopenia with a tendency toward an agranulocytic blood picture. 
The hemorrhagic diathesis was not marked, as the blood platelets were usually not 
greatly diminished in number. 

Following these early cases, no more girls died for some time. Occasionally, 
however, a former dial painter, who may have enjoyed several years of apparently 
good health, reported, presenting crippling and deforming lesions of the bones such 
as coxa vara, deformities of the spine, etc. Examination of these girls during life 
showed that their bodies contained from 10 to 20 micrograms of radioactive sub- 
stances—chiefly radium, since most of the mesothorium had decayed to half 
strength by that time. 

These so-called late cases of radiation osteitis were followed with startling 
results. The intense osteitis caused by years of irritative irradiation by the alpha 
particle had been transformed in a number of cases into sarcoma. Osteogenic 
sarcoma appeared in dial painters who had stopped work from six to eight to ten 
years previously. The sarcoma developed in the very cellular areas of replacement 
fibrosis. 

I have now performed autopsies in four cases of osteogenic sarcoma among 
seventeen of the former dial painters whose death were due to the so-called radium 
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poisoning. This is an incidence of nearly 25 per cent. The sarcomas usually 
were rapidly growing and of the anaplastic or embryonal type. New bone formation 
was seen in all cases, but was often very slight. In one case there were two 
primary sarcomas, one in the orbit and another in the pelvis. 

Further, three of the former dial painters with osteogenic sarcoma are now 
dying. The growths are in the femur, pelvis and rib. (Two of these were dead, 
June, 1931). 

The development of sarcoma is suspected, but not yet proved, in three other 
dial painters. 

This is the first time that definite proof is offered of minute amounts of radio- 
active substances causing cancer in the human body. This should not be confused 
with the development of epidermoid cancer, etc., in radium and x-ray burns pro- 
duced by external penetrative, noncumulative radiation. 

This is the first time that a definite cause for sarcoma of the bone is established 
aside from the time-worn and honored trauma, chronic irritation, etc. 

The osteogenic sarcomas in the radium dial painters undoubtedly develop in 
areas that have previously been the seat of a radiation osteitis. In addition, one 
has also to consider the possibility that the alpha particle may have a more direct 
action in producing malignant growth by speeding up somatic cell division as a 
result of its destructive ionization. 

It may be possible that the high incidence of carcinoma of the lung in the 
workers in the cobalt mines of Schneeberg (Saxony) and in the pitchblende mines 
of Joachimsthal, both radioactive mines, is also due to the irritant effects of radio- 
activity, the malignant tumors in the miners resulting from the constant inhalation 
of small amounts of emanation and also possibly radioactive dust. 

It may be suggested that other forms of malignant growth are caused by still 
smaller amounts of radioactivity, working over longer periods of time, to which 
the human body, in its normal environment, is exposed, such amounts being too 
small to be recognized by present methods. These studies may also have an 
important part in the experimental production of maligant growth. 


DISCUSSION 

PauL KLEMPERER: I was impressed by one histologic feature of the slides. Of 
course, I cannot add anything to the elaborate discussion by Dr. Martland, to whom 
we are all indebted for his discovery, but I noticed that nearly all the tumors of 
the bone showed one type of immature cell. He mentioned only one tumor in which 
there were numerous cartilage cells present, which he designated as a chondro- 
sarcoma. In all the other tumors the prominent cell was a very immature cell 
which one could hardly classify among the mature types of bone cells. I do not 
know whether in these cases there is often bone or cartilage formation. If I am 
correct, it seems that all these tumors are characterized by a type of cell that we 
can call an immature mesenchymal cell, and since there is no question that these 
tumors arise in locations where radium is accumulated, it seéms as though these 
tumors arise from a direct stimulation of the immature mesenchyme which persists 
throughout life in small amounts, but sufficient to take care of regeneration under 
normal conditions. If stimulated by some abnormal irritant, it may go on to 
proliferate and form tumors. I do not know if I understood Dr. Martland cor- 
rectly, as to whether he thinks that the tumors are subsequent to the radium 
osteitis, that the osteitis is first produced by the action of radium, and then, as a 
kind of excess proliferation, a tumor is formed, or whether he would agree that 
the radium may act primarily on the mesenchyme to form tumors. 

I would like to know whether there were any attempts made to determine the 
amount of radium in the bones that showed tumors and in those that did not show 
tumors, and if so, whether the bones with tumor showed more radium deposited 
than the other bones. 

I should like to ask further whether experiments have been done to produce 
tumors in animals by the action of radium. 








514 ARCHIVES OF PATHOLOGY 


The point of my question is whether radium activates the growth of the 
mesenchyme. This is particularly interesting to me, because in my experience 
lymphosarcomas have changed their character biologically as well as histologically 
under persistent treatment by radiation. There were two cases reported by Baehr 
and Rosenthal, which were considered as representing a rather harmless disease 
of the lymph nodes, which responded very well under x-ray treatment, but which 
in the further course developed into lymphosarcomas composed of cells of a very 
immature type. A third case that it has been possible to follow for four and a 
half years has also shown this peculiar variation from the more mature type of 
lymphosarcoma into a young, immature type, which one would commonly call a 
reticulum cell lymphosarcoma. That is the reason why I am so interested in the 
question whether radium may activate the unripe mesenchyme, bringing it to 
proliferation, without giving the mesenchyme any chance to mature into one of 
the more ripe forms like fibroblasts. 

That seems to me to hold also for the peculiar regenerative changes in the 
bone marrow. I was impressed by the fact that a number of the nuclei shown in 
the slides showed the peculiar pale appearance characteristic of the immature 
structures of the mesenchyme. 

I was surprised to hear that Dr. Martland believes that radium might not only 
activate the mesenchymal structures, but also bring to neoplastic proliferation the 
epithelial cells, as in the tumors of Scheeberg. From his experience it seems that 
only the mesenchyme is activated to form tumors, but this might be due to the 
fact that the radium became deposited only in the bones. I wonder why in 
Saxony the radium should not become also deposited in the bones, and why 
there should not be a frequency of bone tumors; whether the radium is ingested 
or whether it gains entrance through the respiratory tract seems to me to make 
not a great deal of difference. 

FREDERICK B. FLINN (by invitation): Speaking of the lesions of the skull 
bones, it seems rather strange that in Connecticut where there have been nineteen 
cases, twelve have shown these lesions. On autopsy it was found that the con- 
centration of radium in these areas was not increased over that in other parts of 
the skull. It looks like a physical effect, in which the finer particles are broken 
off from the bone and then absorbed. In Connecticut there have been two cases 
in which spontaneous fractures of the femur occurred. I have been impressed by 
the fact that in the cases that have developed lately most of the lesions have 
occurred in the pelvic region, and these cases may sooner or later show the sarcoma 
of which Dr. Martland has spoken. 

Speaking of animal experiments, rabbits have been treated with radium and 
mesothorium for a long period of time, and have shown lesions of the skull, as 
well as spontaneous fractures of the bones, but so far no sarcoma has developed— 
simply spontaneous fractures. 

Harrison S, MARTLAND (closing the discussion): Dr. Klemperer is quite 
right in his interpretation of the slides. The osteogenic sarcomas in the radium 
dial painters are usually of a- very immature type. I have spoken of them as 
sarcomas of the embryonal or anaplastic type. In only one case have I encountered 
a mature sarcoma, in which good bone and cartilage had been laid down. 

In addition the hyperplastic bone marrow seen in these cases is of a very 
immature and primitive type. Aside from the production of eosinophil myelocytes, 
the marrow has lost the ability to form other cells of the granulocyte series. The 
marrow is packed with the most primitive stem cells. 

This irritative, stimulative and compensatory marrow is directly due to the 
terrific effects of alpha bombardment. A very cellular replacement fibrosis takes 
place. Mitotic figures are numerous, and such areas can only with great difficulty 
be distinguished from sarcoma. The sarcomas arise in these areas on a chronic 
irritative inflammatory basis. In addition, as Dr. Klemperer has suggested, we 
have to consider a more direct effect of radiation in speeding up somatic cell 
division. Perhaps both play a part. 
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We have been unable to determine that the bones containing the sarcomas had 
more radioactivity than did other bones of the skeleton. The studies seem to 
indicate that the radioactive substances are scattered rather evenly over the 
skeleton in much the same manner as lead or arsenic. Autophotographs made from 
the bones by means of their own radiations, however, show that the distribution is 
by no means even. I think this is on account of the marked architectural difference 
in many of the bones. Some have more cancellous tissue than others and would 
more easily pick up radioactive substances from the blood. 

It would seem that experimental tumors could be produced in animals by 
internal alpha bombardment, if the conditions encountered in the dia] painters could 
be duplicated. I believe that this is possible, although I have not as yet tried to 
produce tumors by means of radioactive substances. 

If the pulmonary carcinomas in the miners of Schneeberg and Joachimsthal are 
due to radioactivity, they are probably produced by the inhalation of emanation or 
of radioactive dust or of both. If emanation is inhaled, the bronchi and alveoli 
would be directly exposed to alpha bombardment. Active deposit would also 
collect on the mucosa. Regarding radon, these deposits, although infinitely small, 
are sometimes long-lived, and would eventually reach the blood and be depusited 
in other organs. The amounts, however, would be so small that it is unlikely that 
bone sarcoma would ever develop. 
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Book Reviews 


LEHRBUCH DER SPEZIELLEN PATHOLOGISCHEN ANATOMIE FUR STUDIERENDE 
UND AERZTE. Band I. By Dr. Epuarp KAuFMANN, 6. Professor der 
allgemeinen Pathologie und pathologischen Anatomie an der Universitat 
Gottingen, Geheimer Medizinalrat. Ninth-tenth edition. Price, 55 marks. 
Pp. 990, with 509 illustrations. Berlin: W. de Gruyter and Company, 1931. 


It is a delightful surprise to have this textbook, known for so many years as 
the “Bible of pathological anatomy,” so completely rewritten. It is apparent that 
the task has been one of the chief interests of Professor Kauimann since his retire- 
ment in 1928 from academic duties. There are many indications that the labor 
must have afforded him a great deal of sober enjoyment and satisfaction; for 
example, his continued painstaking interest in the use of numerous small expedients 
facilitating instruction: changes in type to attract attention, improved captions and 
subdivisions of information, and elaborate legends for sixty-eight added illustrations. 
The new illustrations conform to the old. They are simple and designed to teach. 
Among portions entirely new or extensively revised are those devoted to angina 
pectoris, blood grouping, allergic phenomena, eclampsia, esophageal spasm, endo- 
metriosis and sedimentation of erythrocytes. The author has thought proper to 
mention these changes in the preface, but there is scarcely a page without some 
embellishment, many being merely references to the recent literature. There are 
no long bibliographies, but instead, citation to places where the literature has been 
adequately reviewed. In this first volume alone there are more than 7,500 new 
citations, among them the names of many Americans. There probably would be 
more notice of both American and Canadian investigations if Professor Kaufmann’s 
name was more generally included in reprint mailing lists. The brief anecdotes 
of personal observations have also been increased. Ever since the first edition 
appeared in 1896, medical literature has been permeated with citations to these case 
reports by Kaufmann. To supplement them once more, and also to obtain other 
material for this revision, he has ransacked the institutes where he formerly taught 
at Breslau, Basel and Gottingen. 

Some of the descriptions of pulmonary tuberculosis, rheumatic myocarditis, 
endocarditis lenta, botulism and many diseases of the liver, bile ducts, gallbladder, 
thyroid and parathyroid glands have been so modernized that they are, so to say, 
up to the minute; others make their debut in an agreeable fashion and a propitious 
setting. Opportune and welcome are mild designations to apply to the accounts in 
different chapters of damage to organs by therapeutic radiation, for, unfortunately, 
as is too frequently the case, tragic clinical experiences with such treatments 
preceded animal experimentation. The rapid advance of knowledge of tumors 
during the period of nearly a decade since the last German edition was published 
has required many alterations in descriptions of neoplasms involving the organs 
and other important structures considered in this volume. Kaufmann has always 
been vigilant concerning tumors, a solicitude due possibly in some degree to the 
course on this subject he gave so many years for practitioners. Presumably expan- 
sion in these and innumerable other particulars brought about omission from this 
volume, of the final two chapters on diseases of bones and joints in volume 1 of the 
last edition. Even with this change, a liberal use of smaller type has been resorted 
to in order to retain the former size of this volume. It contains only four chapters, 
in which are presented the pathology of the organs of circulation; of the blood, 
lymph and blood-forming organs; of the respiratory organs, thymus, thyroid and 
parathyroid glands, and, in the final chapter, of the alimentary canal, peritoneum, 
liver, biliary apparatus and pancreas. 

Approving or belauding this work to experienced pathologists is certainly 
uncalled for. Medical students, however, and the younger generation of investi- 
gators and teachers in pathology may perhaps be reminded of the even, high, 
informative value it has, that it is the outgrowth of a rich background of expe- 
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rience, the product of an able scholar who has exhibited unusual and critical 
intelligence in maintaining for the textbook the place it has enjoyed so long as an 
authority of the first rank. The reception given this ninth and tenth edition will 
certainly be followed by a widely echoed hope that the author may be privileged 
to supervise the preparation of many other future editions. 


RESISTANCE TO INFECTIOUS DISEASES: AN EXPOSITION OF THE BIOLOGICAL 
PHENOMENA UNDERLYING THE OCCURRENCE OF INFECTION AND THE 
RECOVERY OF THE ANIMAL Bopy FROM INFECTIOUS DISEASE, WITH A 
CONSIDERATION OF THE PRINCIPLES UNDERLYING SPECIFIC DIAGNOSIS AND 
THERAPEUTIC MEASURES. By Hans ZINnssER, M.D., Professor of Bac- 
teriology and Immunity, Medical School, Harvard University; formerly Pro- 
fessor of Bacteriology at the College of Physicians and Surgeons, Columbia 
University, and Bacteriologist to the Presbyterian Hospital, New York; 
formerly Professor of Bacteriology and Immunity, Stanford University, 
California. Fourth edition, completely revised and reset. Price, $7. Pp. 651. 
New York: The Macmillan Company, 1931. 


This book, now in its fourth edition, “completely revised” and provided with 
a new name, appeared first in 1914 under the title of “Infection and Resistance.” 
There are two sections: (1) general principles of infection and resistance and (2) 
special problems of immunology and consideration of individual infectious diseases. 
Since the edition published in 1924, the progress of research has changed the outlook 
in immunology in important respects. The advances in knowledge of the chemistry 
of antigens and of the mechanisms of antigen-antibody reactions receive due con- 
sideration in the present revision. One wonders why both in the text and in 
the index Landsteiner’s term for that important factor, the partial antigen, is spelled 
“haptene” in some places and “haptine” in others. The alteration in antigenic 
properties of bacteria in the course of dissociation is considered in connection with 
certain infections, but any one who may wish to consult the book on that point 
will not receive help from the index, which contains no reference to dissociation 
or mutation. The interesting immunologic problems of tularemia and undulant 
fever do not appear to have received any consideration, and these diseases are not 
mentioned in the index. The suggestion that the toxins of erysipelas and of 
scarlet fever may be identical is not in accord with the results of the best recent 
investigations of that question. 

On page 618 occurs this statement: “Force (1914) has described an immediate 
reaction after revaccination, which he believes occurs only in individuals in whom 
immunity exists. In such persons an areola occurs around the vaccinated spot 
within twenty-four hours which decreases within seventy-two hours.” This reaction 
was observed and correctly interpreted by Jenner, described at great length by 
James Bryce in 1802, and rediscovered independently by Pirquet and no doubt by 
others also. The index could have been much better. The few illustrations are 
too crude to be of any value. Judging from the references, which do not follow 
any standard style, much more detailed consideration has been given to the earlier 
than to the more recent literature. This does not necessarily mean that recent 
contributions have been neglected, because it may indicate merely a different, 
more condensed form of presentation. 

While the book suffers from omissions, from patchy and perhaps hasty revision 
and from other obvious shortcomings, the discussions of certain large problems 
in immunology are comprehensive and stimulating. This is illustrated especially 
in the chapters on anaphylaxis. Here the able author reveals his best strength. 


Nocucui. By Gustav Eckstein. Price, $5. Pp. xiii and 419, with a portrait 
and several illustrations from photographs. New York: Harper and Brothers, 
1931. 


Good biographies are rare, good medical biographies almost unknown, where- 
fore the advice to read this one. To pathologists and bacteriologists who know 
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their fields there is no purpose in restating the facts of the life of Noguchi or his 
accomplishments. They will read this volume because it brings much more — the 
human side of a scientific worker, the story of his weaknesses and his strengths, 
the illustration in one man of what many are striving to be. 

The public cherishes its physicians because it still believes them to be the best 
carriers of certain ideals and their lives romantic. Eckstein’s biography will do 
much to fortify this faith. He puts in print the handicaps, the ambitions, the toil, 
the self-sacrifice of Noguchi and finishes the romance of his life with his death 
from yellow fever (there is no romance, as William James has it, without the 
possibility of sudden and violent death). Such a tale in the real of a contemporary 
worker in medicine will do much to reestablish in the public mind its old imagining 
of the profession’s life. 

Noguchi was .born Japanese, lived American and worked internationally. The 
resultant emotional reactions are splendidly portrayed. Perfect adjustments to new 
environments were not made even by Noguchi, but what he accomplished in this 
direction was possible only in the cloak of medicine. 

If it is said that Eckstein will live because he had a good subject, it is equally 
true that another great character in medicine would have faded from consciousness 
had it not been for Eckstein. The dates, incidents, honors, letters which constitute 
the ordinary mortuarial note cannot be strung together even as the newspaper men 
are wont to do and yield anything strong enough to hold together for a week. 
Eckstein uses these things, but they become the foundations of a soul afire. It 
could be done only by a man who knew Noguchi, his friends the world over, 
Japan in Japan and human drama no matter where played. As dentist, doctor, 
worker in the sciences basic to medicine, world traveler and, always, as writer, 
Eckstein brought to his task rare qualities. His volume exhibits them and would 
have been literature without its title. 

The style is staccato. It fits peculiarly well a recitation of the ways of life 
and the ways of work of Noguchi and blends perfectly with the literal transla- 
tions of the letters in the volume from the Japanese. Some will think that Eckstein 
adopted his style from this source, but a knowledge of his other writings proves 
it his own. The world of medicine will feel proud that Noguchi belonged to it 
and that his biographer is a part of it. 


DrE MoORPHOLOGIE DER MISSBILUNGEN DES MENSCHEN UND DER TIERE. EIN 
{IANpD- UND LEHRBUCH FUR MORPHOLOGEN, PHYSIOLOGEN, PRAKTISCHE 
AERZTE UND STUDIERENDE. HERAUSGEGEBEN VON Dr. GEorRG B. GRUBER, 
o. 6. Professor der Pathologie an der Universitat Gottingen. Unter Mitwirkung 
zahlreicher Fachgenossen, begriindet von Weil und Prof. Dr. Ernst Schwalbe. 
III. Teil: Die Einzelmissbildungen. XIV. Lieferung. 3. Abteilung. 5. 
Kapitel: Die Entwicklungsst6rungen der Hypophyse. Von Prof. Dr. E. J. 
Kraus, Prague. With 21 illustrations in text. 6. Kapitel: Missbildungen der 
Nebennieren. Von Dr. W. Pagel, Sommerfeld-Osthavelland. With 20 illus- 
trations in text. 7. Kapitel: Die Missbildungen der Epiphyse des Gehirns. 
Von Dr. H. Wurm, Heidelberg. With 5 illustrations in text. Jena: Gustav 
Fischer, 1929. 


Previous parts of this great work dealing with the malformations of man and 
animals have been reviewed in the Arcuives (4:504, 1927; 8:571, 1929). The 
present section deals with developmental disturbances of the hypophysis, the supra- 
renal glands and the pineal body. An extensive bibliography is appended to each 
chapter. The numerous illustrations, some in colors, are excellent. The subject 
matter in the chapter on the suprarenal glands may be cited as indicating the scope 
of the work in general: comparative anatomy, developmental history, agenesis, 
hypoplasia, hyperplasia and congenital hypertrophy, misplacements and accessory 
and aberrant suprarenal glands. There are full data on the size and weight of 
these organs. The reviewer would call particular attention to the discussion of 
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accessory and aberrant suprarenal glands. As has been said of previous sections, 
this treatise is of the utmost value as a reference book for pathologists and 
anatomists. 


EINFUHRUNG IN DIE MEpizIn. By Dr. Henry E. SicGerist, Professor an der 
Universitat Leipzig. Price, 12.50 marks. Pp. 405. Leipzig: Georg Thieme, 
1931. 

The author is Sudhoff’s successor as professor of medical history in the 
University of Leipzig. He addresses himself especially to young persons about to 
begin the study of medicine. His object is to give them needed insight into the 
task ahead of them by means of a simple, yet comprehensive, conspectus of medi- 
cine as a whole on a historical or a developmental basis. There are seven chapters. 
The first deals with the structure and function — anatomy, physiology and psychol- 
ogy —of normal man. The necessity for the physician to acquire a broad knowl- 
edge of man in all his relationships is stressed. The next four chapters discuss 
the patient and disease. The growth of the concept of disease, its course and 
causes are discussed with admirable clearness. Then there is a chapter on diag- 
nosis, healing and prevention. The last chapter is devoted to the doctor himself 
and his relation to society. 

The book is written in a remarkably clear, direct and effective style. Typo- 
graphically, the failure to indent the paragraphs may be confusing to the reader. 

The book is highly interesting and will be of great help to medical students 
at the beginning of their course. It is recommended to all who are interested 
in the development of medicine and especially to medical educators. Sigerist 
shows clearly that as the developmental relations of various subjects in the study 
of medicine come to be understood, the sense of discontinuity in the medical 
curriculum, especially in the first two or three years, tends to vanish. The book 
merits translation into English. 


WILLIAM STEWART HALSTED, SuRGEON. By W. G. MacCuttum. Introduction 
by Dr. W. H. Wetcu. Price, $2.75. Pp. 246. Baltimore: Johns Hopkins 
Press, 1931. 


This book may be accepted as an authoritative biography of William S. Halsted, 
the first professor of surgery in the Johns Hopkins University. In his charac- 
teristically admirable introduction, Dr. William H. Welch, who was Dr. Halsted’s 
closest friend and probably knew him better than any one else, explains in detail 
why he can give the book his unqualified approval. The book gives an interesting 
and adequate account of Halsted’s great achievements as teacher, surgeon and 
experimental investigator. It may be recalled that he was the first to produce 
local anesthesia by nerve blocking; that he developed an improved surgical technic 
aimed to secure a more ideal mode of healing; that rubber gloves were used first 
in his clinic; that his operations for cancer of the breast and for hernia established 
new records of success in their respective fields; that he conducted highly important 
experimental investigations, notably on the thyroid gland and on intestinal suture, 
and, finally, that he developed a school of surgeons that so far is without parallel 
in this country. The account of these and other achievements in MacCallum’s book 
reproduces successfully original settings and is tinged with pleasant local colors. 
One is not confronted with a lifeless plaster image of Halsted. The outward 
facts of his life, strength of character, ideals and peculiarities are set forth clearly 
and vividly. An atmosphere of intimate certainty, of affectionate loyalty with 
complete candidness prevails. The book is good reading. It is a noteworthy 
addition to medical biography. 
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